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SOME LESSONS IN RAPID TRANSIT. 
By Louis Heilprin. 


HE problem of rapid transit in great centers of population 
T is one of such universal interest, and it is now pressing for 
solution in so many cities, that engineers and business men 
the world over can not go amiss in posting themselves thoroughly 
upon the phases of the subject now presented for practica! solution in 
New York. Each city has its own problem, and there are of course 
certain conditions present at one point which do not exist else- 
where. But it is everywhere a question of railways, high speed 
and large seating capacity ; and hence the attainment of these 
ends in any one locality is very apt to offer a solution of the prob- 
lem which will be, in the main, of universal application. And in 
New York—the metropolis of the Western world, built upon a 
long, narrow island—the conditions are so unusual and the require- 
ments so extreme, that what accomplishes the purpose there will 
undoubtedly serve as an object lesson of the greatest possible 
utility and value elsewhere. 

The opinion is entertained at present by the Rapid Transit 
Commission of New York that the needed additional means of 
travel will have been supplied by the construction of a system of 
railroads, mainly underground, consisting of two four-track arteries, 
one on the east side and one on the west side of the city, extend- 
ing from the vicinity of Union Square to Harlem, with a double- 
track continuation in the suburban sections, and of a main four- 
track artery extending from Union Square to the Battery. A close 
examination will show that this presumption is not well founded and 


not likely to be justified by events. 
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Experience has taught us that in the case of great engineering 
enterprises in a rapidly-growing population, the most generous pro- 
visions for the demands of the future are apt to prove inadequate. 
The construction of the present system of elevated railroads once 
appeared to be the solution of the problem of rapid transit in 
New York. Fifteen years ago most people in that city no doubt 
felt confident that two double-track routes would suffice. Four 
such roads were built. Within two years the system had proved 
itself to be a failure with respect to meeting the demands of the 
public. Increasing the frequency of train-service, lengthening the 
trains, introducing more powerful engines—nothing has availed to 
check the increasing discomfort of travel or the diminution in its 
rapidity. Many persons, indeed, are beginning to lose sight of the 
fact that the roads were constructed for the purposes of rapid 
transit. For a portion of the day the average rate of speed on 
Third avenue has been reduced to about ten miles an hour, al- 
though between many of the stations a speed of twenty-five to 
thirty miles an hour is maintained for a few seconds at a time. 
Ten miles an hour can hardly be called rapid transit in this age of 
air-brakes, when on a perfectly straight and well-constructed road- 
bed almost any degree of speed is deemed compatible with safety. 

But what the elevated roads have failed to provide is not rapid 
locomotion so much as means of traveling like human beings. On 
the two principal lines the travel during the busiest portion of 
the day is about double what can be carried comfortably. The 
seating capacity of a train of five cars, as now run, is about 250, 
while the full complement reaches or exceeds 500. On these two 
lines alone eight tracks would be required to handle the present 
traffic so as to afford sitting-room to every passenger. It may here 
be asked what do we mean by the present traffic? Promise seats 
to all passengers, and the amount of traffic will-be swelled by the 
many thousands who now prefer the accommodations of the surface 
roads to the crowded trains of the elevated roads. At a low esti- 
mate the traffic of the latter would be increased by 25 per cent., 
and we should find that ten tracks on Sixth and Third avenues 
would barely suffice for the exigencies of the present. 

Let figures speak. We shall measure transporting capacity by 
the number of seats that can be furnished per hour. With trains 
running on a single-track road at intervals of one minute, each 
train to consist of five cars of fifty seats each, that number is 
15,000. With ten tracks, therefore, we should be able to provide 
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only 75,000 through seats per hour in one direction. During the 
four busiest hours of the day we should be able to traasport in one 
direction no more than 300,000 passengers. 

This rate of transportation would about represent the demand 
that would now be made upon the Sixth- and Third-avenue lines 
alone in the thickest of the evening crush, were the ordinary com- 
forts of travel secured to the public. Under present conditions, 
with a dozen lines of horse-cars actively competing, it is safe to 
assert that on the four elevated roads taken together the rate at 
which the tickets are dropped into the boxes at all the stations 
exceeds at the busiest time of the day 100,000 per hour. Four 
elevated tracks each on Third and Sixth avenues would fail to meet 
the present demands of the traveling public. A well-constructed 
and well-equipped viaduct road along the line of either of these 
thoroughfares, affording real rapid transit between the Battery 
and the northern limits of the city, could not conveniently dispose 
of the traffic it would be called upon to handle without running 
trains in one direction on three tracks at least. Ordinarily speak- 
ing this would mean twelve tracks for the two lines, but in order 
to meet possible objections we shall allow that while six tracks are 
being used in one direction four tracks will suffice for return trains. 

At this point it may be argued that we might add to the carry- 
ing capacity of the roads by running the trains at a higher rate of 
speed than at present, thereby diminishing the average duration of 
the trips. But increasing the speed cannot of itself add to the 
carrying capacity of a railroad, otherwise than by enabling a given 
amount of rolling-stock to do more service in a given time. A 
higher rate of speed does not by any means imply increased carry- 
ing capacity. This will be determined solely by the interval of 
time between successive trains. If the schedule provides, for ex- 
ample, for the despatching of thirty trains per hour on one line of 
rails, then it will be immaterial as far as carrying capacity is con- 
cerned whether the average speed is ten or forty miles an hour. 
In the former case, indeed, four times as many cars may be re- 
quired as in the latter, but if the supply of cars does not run short, 
there will be no diminution in the carrying capacity. The same 
number of trains will pass any particular station within a given 
time in the one case as in the other, and the chance of obtaining a 
seat will be the same. Increasing the speed will not diminish the 
pressure on the roads. On the contrary, it can be shown that it 
will tend to increase it, and this paradox enters as a cardinal factor 
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in the problem of rapid transit. Suppose that with a maximum 
velocity of twenty miles an hour it is safe to allow trains to 
follow each other at intervals of one minute; this will give us, 
under existing conditions, 15,000 seats per hour. Now suppose it 
were proposed to increase the maximum speed to forty miles a 
hour. Evidertly it will no longer be safe to run the trains with a 
leeway of only one minute. At twenty miles an hour a train can 
be brought to a standstill in about six seconds, while at forty miles 
an hour twelve seconds or more will be required, the retarding 
action of the brakes not increasing with the velocity. In these 
twelve seconds the faster train will have passed over four times 
the ground traversed by the slower train in six seconds. ‘Thus, if 
the latter can be brought to a standstill in a distance of ninety feet, 
the former will (roughly speaking) run 360 feet from the moment 
the brakes are applied until its motion is completely arrested. A 
still more important factor in the determination of the minimum 
interval between trains is the violence of the shock in case of a 
collision. With a maximum of twenty miles an hour a serious col- 
lision would be almost an impossibility. With forty miles an hour 
there is always the possibility of a great catastrophe. 

The minimum interval at twenty miles an hour would have to 
be more than doubled for forty miles an hour. It could hardly be 
safe to allow trains to succeed each other at the latter speed at a 
shorter interval than two-and-a-half minutes. This would give us 
twenty-four trains, or 120 cars, per hour, with a seating capacity 
for through passengers of only 6000, In the case of rapid-transit 
roads in a city of 1,700,000 inhabitants, whose dwellings and places 
of business occupy a narrow strip fifteen miles long, and whose cap- 
acity for locomotion far exceeds the real carrying capacity of the 
existing lines of communication, an increase of velocity in the 
transporting apparatus implies an increased number of tracks. 

If it be proposed to run fast express trains between the Battery 
and Spuyten Duyvil on one side and between the Battery and Ford- 
ham on the other, and to provide equally rapid transit for all points 
above Eighty-sixth street, then our ten tracks on the two principal 
railroads alone would soon have to be expanded to twelve or four- 
teen. Were a highrate of speed attempted forall classes of travel, 
short hauls as well as long hauls, even if the length of the trains were 
increased to seven cars of the type now employed, then ten tracks, 
all used in the same direction, could not be relied upon to convey 
more than about 125,000 through passengers per hour with comfort 
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and absolute safety. On two of the elevated roads—on Second 
avenue and Ninth avenue—the intervals between the trains could 
be reduced considerably below what they are now, but the former 
at least, even with much more frequent trains, could not do more 
than conveniently accommodate the tide of travel that passes over 
it in the morning and evening hours. ‘To sum up, a satisfactory 
system of rapid transit for New York as it is to-day would require 
in place of the existing ten tracks (including two underground 
tracks on Park avenue) a total of eighteen to twenty tracks. 

Thus far we have been considering the needs of New York as 
the city exists to-day. Let us now attempt to look a short distance 
into the future. Within ten years, at the present rate of increase, 
about half a million people will have been added to the population 
of New York. With such improved means of communication as 
would be afforded by the propdsed eight underground tracks, a 
vast impetus would be given to building operations in the upper 
part of Manhattan Island and the annexed district. It would be as 
though a whole new city had beencreated. We cannot be far from 
the truth if we assume that an accession to the population of half 
a million souls will represent an addition to the daily number of rapid- 
transit passengers of about 200,000, or 100,000 in each direction. This 
figure would represent an additional pressure upon the railroads dur- 
ing the busiest part of the day of 20,000 passengers an hour in one di- 
rection. As the capacity of a transit system of the high-speed pattern 
can hardly be rated above 10,000 per hour per track, this additional 
pressure would have to be met by three if not four additional tracks. 
If during the next ten years there should bea considerable shifting 
of population from the district south of Twenty-third street to the 
upper portions of the city, a fresh wave of travel would impose an 
additional pressure as great asa double set of rails would bear, and 
if the old crowded tenement quarters should begin to drain north- 
ward, still another pair would be required from this cause alone. 

In addition to all this, traffic in general tends constantly to 
swell, irrespective of increase in population; witness the con- 
stantly increasing mass of non-residents who patronize every means 
of conveyance in and around the city. Making allowance for this 
natural increase, it is a fair estimate to make when we say that to 
provide satisfactorily for the needs of New York in the immediate 
future, a system of railroad transit really expeditious, convenient 
and safe, operated either by steam or electricity, or both, ought to 
embrace not less than twenty-five sets of rails. This is 50 per 
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cent. more than would be afforded by the existing elevated roads 
and the eight tracks of the proposed underground systems, namely, 
sixteen in all. By the time the projected underground railroads can 
be completed, New York will not be much nearer to the solution 
of the problem of rapid transit than at the time of the inaugura- 
tion of overhead transportation. There was a time when there 
was a charm in the term “ double-track "—a time when most people 
believed that the carrying capacity of a four-track steam-road was 
practically boundless, There was a time when the idea of eight 
parallel elevated tracks, without crossings or obstructions, implied 
to every one the end of the discomforts and annoyances of travel. 
There are those now who believe that eight additional tracks will 
solve the problem. ‘To believe this is to be lacking in perspective 
and to ignore the experience of the past. 

No system of rapid transit ought to be deemed sufficient to 
meet the needs of the immediate future of New York (which by 
1900 will have nearly doubled the population that it had in 1878, 
when the Sixth-avenue elevated road was opened) that does not 
offer a transporting capacity, combining speed with comfort, of 
about 150,000 passengers in onedirection per hour. The proposed 
eight underground tracks will not permit this figure to be reached 
unless the idea of really rapid locomotion is abandoned and the 
system of haulage, with respect to speed and stops, is assimilated 
to that now existing on the elevated roads. But what New Yorkers 
are looking forward tois real rapid transit and not pseudo-rapid 
transit. If the means of locomotion are to be mainly underground 
then is actual rapidity of transit more imperative than ever. There 
is no reason why we should be satisfied with the ten miles an hour 
which the Third-avenue elevated road affords below Sixty-seventh 
street, and the eleven or twelve miles which the easier grades enable 
the Sixth-avenue line to achieve below Fiftieth street, even if each 
passenger were sure to find a luxurious seat on entering the car. 

We have been discussing the projected underground scheme on 
the assumption that it would offer eight additional tracks, thus 
doubling the existing capacity for rapid-transit communication. 
But as a matter of fact the scheme provides for only four tracks in 
that part of the city south of Union Square. This idea of com- 
pressing the traffic into a four-track main artery under Broadway 
for a distance of two miles and a half (Fourteenth street to South 
Ferry) is simply preposterous. Even if the scheme provided for an 
efficient system of loops in the vicinity of Union Square, so that a 
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considerable proportion of the trains might be cut off at that point 
so as to relieve the lower section, the feature in question would be 
a great mistake. But if the stream of traffic conveyed over a sys- 
tem of eight tracks is to be made to converge into four, then we 
are simply crippling the means of transportation répresented by 
that system. If al) thetrains are to be run over the entire course 
we shall simply be establishing a limit of carrying capacity which 
will be determined by the work which two lines of track used in 
one direction can be made to perform. Assuming that the terminal 
loops and switches can be made to operate so efficiently that not a 
moment is lost in reversing the direction of the trains, how many 
seats shall we be able to carry from the City Hall to Union Square 
in an hour? Whatever figure we shall arrive at will measure the 
maximum carrying capacity of the entire system. 

If we despatch trains at the rate of one a minute on each of two 
tracks, if each train consists of seven cars, and if each car has a 
seating capacity of fifty, we shall obtain a total maximum of only 
42,000 seats per hour. This would not be the solution of the prob- 
lem of rapid transit for New York. “But isthe despatching of trains 
of the size in question at the rate of one a minute on a single track 
really compatible with rapid transit? Considering the inevitable 
proximity of the stations to each other in the lower part of the city, 
and the fact that the trains in their northward course by the time 
they reach Fourteenth street will have taken on board about 
three-fourths of their total complement of through passengers, 
there can be no exaggeration in assuming that in this section of 
two miles and a half the average rate of speed, including stops, 
during the hours of greatest traffic, would not exceed ten miles an 
hour. Fifteen minutes would have to be consumed between Four- 
teenth street and South Ferry. There could hardly be any pre- 
tense of running trains in this portion of the route on “express” 
schedule, for this would imply an inadmissible lengthening of the 
intervals between the trains. 

If eight underground tracks are needed above Fourteenth 
street it is absurd to imagine that four will suffice for the remainder 
of the distance. But the idea of having only four tracks for these 
two-and-a-half miles evidently has its root in the notion that the 
great underground thoroughfare ought to be as far as possible 
directly under Broadway. It is true that more than four parallel 
tracks cannot very well be located on the same level under Broad- 
way without descending to a greater depth than the Commission 
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considers admissible. But is there any absolute necessity for locat- 
ing the underground road precisely on the line of this thoroughfare ? 
Better travel in comfort under the Bowery or South Fifth avenue 
than be packed like herrings under the aesthetic blocks of Broad- 
way buildings. It might be well, indeed, for the east and west 
lines to converge somewhere in the vicinity of Union Square so as 
to meet in a capacious transfer station, which should permit pass- 
engers from the east side passing over to the west side and vice 
versa ; but after thus meeting, the two roads ought to diverge again 
and pursue an independent course to the extremity of the island, 
from a quarter to an eighth of a mile on either side of Broadway. 

Another exhibition of short-sightedness is the opinion that a 
double track on either side will suffice for the demands of New 
York beyond the Harlem river. These outlying portions of the 
metropolis to be brought close to the business portions must be 
served with a system of transit embodying a very high rate of 
speed. We have seen that the capacity of a double-track road 
with trains run at express speed can hardly be rated higher 
than about 6000 passengers per hour in one direction. Now 
if the region along the Harlem and about Spuyten Duyvil creek 
had the transit facilities which it asks for, by the time the district 
was built up a double-track road would in all probability not ac- 
commodate one-third of the travel, the condition being that speed 
and comfort alike shall be secured to passengers. 

Whether or not the construction of underground railroads as 
the chief means of conveyance in the metropolis be rendered im- 
perative by present and future conditions—there are those who be- 
lieve that the idea of a grand system of overhead communication 
ought not’yet to be abandoned. One thing certain is that in spite 
of all possible improvements in the matter of lighting and ventila- 
ation, the necessity of underground travel will be in itself nothing 
short of a misfortune to the citizens of New York. If it is to be 
endured, let such provision at least be made that the traveling 
public shall not have to face underground the discomforts, delays 
and vexations which beset our present aerial transportation. 

The New York of the immediate future will be a city of two 
million inhabitants, this mass of humanity oscillating like a pendulum 
back and forth once a day. ‘To provide for this movement ina 
satisfactory way, to reduce the friction within endurable bounds, 
the system of communication will have to be on a scale far more 
gigantic than our engineers seem prepared to contemplate. 
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CONVICT LABOR IN ROAD-MAKING. 
By Albert Roberts. 


N a paper printed in the September (1891) issue of this Maga- 

) zine, on the “ Iniquity of Leasing Convict Labor,” the sugges- 

tion was ventured by the present writer that the best practi- 
cable solution of the convict-labor problem was perhaps to be found 
in the employment by the State of the prison labor in road-build- 
ing. Further reflection and closer investigation tends to an in- 
crease of faith in the efficacy of the proposed solution, and the ap- 
parent unanimity with which the suggestion has been approved by 
the contemporary press has strengthened that faith almost to the con- 
viction that in no better way may the State employ its convicts so 
economically and less in conflict with the wage interests of its free 
industrial population ; with greater benefit to agricultural, mineral 
and timber development ; with larger revenue returns and with 
better moral and physical results to the convicts. 

The problem of convict employment is one of the most serious 
that confronts the State governments of the southern portion of 
our Union, and no other section of the country more urgently needs 
an improved road system. The question of the improvement of 
the public highways was never more than now a subject of vital 
and general public interest. It is coming in for consideration 
by leading newspaper reflexes of public sentiment, and the pens of 
economists of recognized preéminence are enlisted in the elucida- 
tion of the best methods of road-building, while capable engineers 
have discussed instructively in these pages the comparative merits 
of Telford, Macadam and other scientific road systems. The eco- 
nomic advantages of good roads are so manifold and so obvious 
that an enumeration of them would seem a work of supererrogation. 
One pointed illustration, however, may profitably be pursued, even 
to the point of “ damnable iteration,” to secure its forcible impres- 
sion, and that is as to the enormous and continual waste and loss from 
inferior roads. 

The Board of Trade in a Tennessee town, in a recent memorial 
to the Legislature, demonstrated that bad roads were costing the 
people of that commonwealth more than seven million dollars an- 
nually. Professor W. W. Carson, of the University of Tennessee, 
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after careful investigation found the average cost of hauling to the 
Knoxville market by wagon to be $7.50 per ton—aggregating one- 
and-a-quarter millions a year on the total tonnage hauled. He 
maintained that this hauling could have been done for half the sum 
over good dirt roads and for one-sixth of it over good Macadam 
roads, saving a million dollars annually. Professor Richard T. 
Ely, of the Johns Hopkins University and Secretary of the Amer- 
ican Economic Association, affirmed that poor roads cost this coun- 
try over twenty dollars a horse, and Professor Jenks, of Knox Col- 
lege, Illinois, thinks fifteen dollars a horse a low estimate for this 
loss. Mr. Hord, a former Commissioner of Agriculture for the 
State of Tennessee, estimated the number of horses, mules and 
asses in that State, in 1889, at 476,000. The number has increased 
since his estimate, but taking this number and the lowest estima- 
ted loss per horse, say fifteen dollars, and an aggregate loss of 
$7,140,000 a year for one State is shown. From tables calculated 
by Professor Carson for an agricultural experiment-station, it was 


shown that on gravel a horse will draw nearly one-and-a-half times 


the load, and on Macadam, over three times the load, he can draw 
on a dirt road. Of course there is great economy of drawing power 
in the proper grading of roads, and disregard of this fact has wasted 
large quantities of money in the road-building of the past. The 
greater speed attained on scientifically-graded and patent race- 
tracks illustrate the advantages of grade. 

Another economic phase of hard-road building especially inter- 
esting to landed proprietors—whether land-poor owners of timber, 
mineral or farming land—is that of the material appreciation of 
land values as the resultant of the introduction of good roadways. 
Railways through an undeveloped region do not more surely and 
speedily enhance the value of the lands thereby brought into closer 
proximity to market. The rule which regulates the development 
of suburban real estate by making it more accessible through 
smooth carriage-drives and rapid-transit facilities applies to real 
estate of remoter country districts. This has been proved in States 
where farms along turnpikes or Telford and Macadam roads have 
enhanced in value roo per cent. A farm will sell for more money 
when it fronts a hard road leading to the nearest market than one 
situated along a country lane or a dirt road, even if nearer to the 
market. A shrewd Jerseyman seems to have profited by a realiz- 
ing sense of the wisdom of this maxim. In a recent communication 
to a Rochester newspaper he recites that his brother owned a farm 
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of one-hundred -and-twenty-three acres in Union county, New 
Jersey. A few years ago he valued the land at from $50 to $75 an 
acre but was unable to sell it even at that price. The farm was 
unprofitable because bad roads made it expensive to get its pro- 
duce to market, and the profits did not represent a fair rate of 
interest on the estimated value of the land. In course of time 
the road improvement “craze” struck Union county and about 
sixty miles of good Telford highways were put down, and the 
result to this New Jersey farmer was that he has since refused 
$200 an acre for his land. 

The cry that increased taxation more than eats up the in- 
creased valuation does not hold good where the increase of 
valuation is $125 per acre. Neither does the question of com- 
parative cost in excess of revenue from traffic apply in the case 
of suburban electric railways which are actually run in some 
quarters at a loss, by land-improvement companies, which find 
their compensatory return in the enhanced value of adjacent sub- 
urban territory. It has been demonstrated that every dollar put 
into a good roadway in front of a tract of land is more than 
doubled in the selling price of the land and it is only lack of capi- 
tal that checks the more general application of the principle. An 
illustration of the profits of road-building by private enterprise is 
furnished by the New Jersey writer above referred to, who recites 
his experience in the purchase, a few years ago, of forty-five acres 
of land for $1500 an acre, not far from Orange, New Jersey. 
Encouraged by his brother’s good fortune in Union county, he 
opened up this land and put in the best kind of twelve-inch Tel- 
ford road. This, with other improvements, brought the expense 
of the land to him up to $10 a front foot—but he sold it off nearly 
as fast as he could draw up the deeds, and none of it for less than 
$30 a front foot. There were seventeen acres on the other side of 
the road that had been offered to him for $1200 an acre, which he 
had neglected to buy. The road built by his own enterprise increased 
the value of his neighbor’s seventeen acres and he was glad, in the 
course of a year, to buy it at $2000 an acre, and this last purchase he 
improved with cross Telford roads and, in a few months thereafter, 
sold enough to pay the purchase price and cost of improvements, 
while he claims that he could get for the ground he has left, $100,000. 
He affirms that every dollar he made out of that land came from 
the improvement of the roads. This may be an exceptional case, 
and it is not to be denied that advantageous environment, pros- 
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perous seasons, and growing confidence in the future of a region 
are factors of appreciation, the beneficial effects of which are 
accelerated by the addition of good roads, but the fact remains 
that good roads increase land values largely and rapidly. 

As the enhancement of values is accompanied by corresponding 
increase of assessment for taxation, the inference is inevitable 
that good roads must enlarge the revenues of the State and hence, 
the feasibility of public road construction by the State government. 
The success which has attended this system of internal improve- 
ments by the State of New Jersey has evidenced the practicability 
of State road-construction and the beneficial results of the move- 
ment in that State may have influenced to some extent the move- 
ment in New York, in which State it is proposed to now employ the 
convict labor in road-construction. Such an utilization of convict 
labor is coming to be generally regarded—especially in the Southern 
States, where objections have been raised to the leasing of convict 
laborers to private parties—as furnishing a timely and felicitous 
solution to the perplexing problem of prison management, render- 
ing those penal institutions as nearly self-sustaining as possible 
while removing, as far as practicable, the evils of friction between 
free and convict labor. The plan proposed in the latter State 
provides that all male prisoners over eighteen years of age and 
physically able shall be enrolled by the prison warden as subjects 
to draft for manual labor on the public roads—the State Engineer 
to decide what roads shall be improved, the general work to be 
under his supervision, and prisoners furnished on his requisition 
with proper guards. ‘The New York plan further provides for re- 
movable board shanties every eight miles on the road to be im- 
proved, each to accommodate twenty convicts, who shall work the 
road four miles on each side of their camp and not more than three- 
fourths of the eligible prisoners to be worked on the roads at any 
one time. The tools necessary to carry on the work are to be manu- 
factured in the main prison building and on this latter work might 
be employed those prisoners serving long sentences for major 
crimes. Another excellent provision of the New York plan is that 
eight hours are to constitute a day’s work and every convict who 
faithfully performs his duty is to have 1o per cent. of his sentence 
commuted, over and above all commutations already made by law. 

Practical experiment doubtless will reveal wherein this or simi- 
lar laws for the employment of convicts on road-building may be 
amended advantageously, and the most economic methods of so 
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utilizing convict labor will be evolved from the practical applica- 
tion of the system. That such out-of-door employment of the 
prisoner will be most conducive to his health—therefore more 
humane than working him in badly-ventilated mines and prison 
shops—does not require argument. It cannot be doubted, either, 
that the moral effect upon the convict will be better. The economy 
of the system, to the State, is obvious. Costly prison factory- 
buildings with expensive machinery equipment will not be required. 
There would be less loss of labor through sickness. On the other hand, 
the increased revenues from increased assessment of taxable lands 
enhanced in value by road-improvement should fully compensate for 
whatever increased expenditure might be required for guarding the 
prisoners. In the Southern States, rich in the volume and variety 
of their natural resources of wealth, the long summers are favor- 
able to out-door employment of convicts. It is not surprising, 
therefore, that the proposition to employ convicts in building roads 
should meet with such public favor, in a section of the country 
whose transportation facilities are comparatively limited. The 
betterment of the wagon-road system would be followed by a more 
rapid railway development, and although the president of an im- 
portant trunk-line of railway declared in a recent address before 
the Brotherhood of Locomotive Engineers at Atlanta that “ too 
many roads are built where they are not needed,” there would be 
greater demand for new rail-lines and more tonnage for them to 
haul, if tributary wagon-roads were better and more numerous. ‘The 
suggestion by Colonel Albert A. Pope, in a well-considered paper 
on the public highways, in the March number of Zhe Forum, of a 
trunk system of interstate roads, is worthy of consideration. ‘This 
writer recommends that the State either own or control and main- 
tain some through highways connecting principal towns in the State 
and connecting these with principal towns of neighboring States 
where they are most needed. These would be followed naturally 
by an arterial system of tributary cross-roads or feeders. 

The interstate trunk-road system that has been suggested is no 
new idea. Before the era of railroad building in the Ohio-river 
valley there was a hard road from Louisville, Kentucky, to Nash- 
ville, Tennessee, considerably over a hundred miles in length and 
scarcely less noted in its day than the famous road from London 
to Dover, over which traveled the Royal Mail. This Kentucky 
and Tennessee road was the main highway from South to North— 
its only competitor, as an avenue of travel, being the Cumberland 
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and Ohio rivers. It connected with a superb system of hard roads 
in middle Tennessee, converging upon the capital of that State 
like the spokes of a wheel. ‘These roads were built more than half 
a century ago, under a State policy of internal improvements in- 
augurated under Whig administration. To encourage the building 
of these roads the Legislature authorized an issuance of State 
bonds bearing 6 per cent. interest, and these bonds were given to 
the turnpike companies as a bonus in proportions of $5000 per 
mile of road. The companies paid to contractors $10,000 per mile 
for building eighteen-foot roadways—the payments being $5000 in 
road bonds and $5000 in road stock, per mile. Shrewd contractors 
soon discovered that they could, with cheap, regular and reliable 
slave labor, build a mile of road for considerably less than $5000 
in bonds, and that the $5000 in stock was almost net profit, and, 
in consequence, there was eager competition for contracts. The 
policy of pledging the State’s credit for this purpose was severely 
condemned by local economists at the time and since, and the tax- 
burden it involved was a factor in the movement which a few years 
ago culminated in the sealing of the State debt, but these roads 
have proved a legacy to this generation of incalculable benefit, 
greatly enhancing land values and making the region of country 
thus blessed the envy and the admiration of other communities 
throughout the South. 

Traditional prejudice against internal improvements is gradually 
giving way to the argument of necessity in the practical solution 
of the prison-labor problem. The States now deriving profit out 
of leases of convict labor to private parties may be reluctant to 
forego that advantage, but public sentiment decrees that the leas- 
ing system must go, and public opinion is fast crystalizing upon 
the moral precept that no commonwealth should make of its penal 
institutions a matter of profit any more than it should expect to 
make money out of its asylums for the blind, dumb and insane. 

In the experiment of working leased convict labor, sufficient 
time has not elapsed for the accumulation of statistics upon which 
may be based comparative estimates of the economic advantage of 
convict labor over free labor. The interests and views of lessor 
and lessee are so divergent and conflicting that it is difficult to 
strike an average, but in the matter of reliability and regularity 
and freedom from interruption by labor strikes, the advantage of 
convict labor (as of slave labor thirty years ago) over free labor, 
is obvious, That convict labor is profitable, as well as reliable, is 
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evidenced by the competition for it among contractors. The pos- 
sible loss to the contractor from disability by disease or from the 
escape of prisoners has to be taken into the account. An old 
prison warden estimates this at about 33} per cent. of the prison 
roster, and he declares that he could get more work’ out of one 
able-bodied Irish ditcher or spader, at $1.50 per day, than out of 
two convicts, 

Estimates of the cost of maintenance of convict laborers vary 
from 30 cents to 50 cents per day for each man. One of the chief 
items of cost is in the pay of guards. Experience shows that one 
guard is required to every eight men. Probably a smaller number 
of guards would be required where the men are selected—taking 
what are known as the “ trusties" and short-term convicts. Tak- 
ing this class for out-of-door service, and by allowing commutation 
of term of imprisonment for good behavior, and making attempts 
to escape involve the penalty of longer imprisonment and less 
congenial labor for the balance of the term, it is believed, would 
render the prisoners less difficult to guard and admit of a reduc- 
tion of the guard force, which would lessen the cost. The labor 
can be obtained at less expense where employed within the prison 
enclosure because of the fewer guards required than when worked 
outside the prison, in mines, or on farms or roads. A prison 
warden of large experience estimates the cost of maintenance, per 
man, at 40 cents per day within the prison walls and 50 cents per 
day where worked outside with increase of guards. 

The Tennessee Penitentiary at present has about 1500 prisoners, 
of whom some 350 (including seventy-five female convicts) are em- 
ployed in the main prison-building. The rest are employed gene- 
rally in the coal mines of east Tennessee, and some on a farm near 
the main prison and others in sewer building in the city of Nash- 
ville. The entire labor of the prison is leased by the Tennessee 
Coal and Iron Company, the lessees paying the State $100,500 per 
annum, or an average of $69 per convict. The only expense tothe 
State is in the payment of the salaries of the superintendent and 
warden of the Penitentiary, who are State officers. The lessees 
pay all the expense of maintenance—food, clothing, medical at- 
tendance, guarding and transportation from the prison to.the 
mines. To employ this labor in the construction of public roads 
would practically cost the State the $100,500 now derived from the 
lease, added to the salaries of superintendent and warden, and the 
maintenance of the prisoners. ‘The compensatory features would 
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be: a felicitous solution of the problem of prison maintenance least 
in conflict with free labor ; a better system of public roads with a 
saving of millions in wear and tear of teams; in quicker transpor- 
tation to market, enhanced realty values and correspondingly in- 
creased State revenue from assessments. The distribution pro rata 
of the labor by counties or townships is a matter for future legisla- 
tive consideration. The best plan for guarding and sheltering the 
men while at work on the roads must be evolved out of practical 
experiment. So far the plan suggested in the bills before the New 
York Legislature seems most feasible, providing for removable 
board shanties every eight miles on the roads to be improved, each 
shanty to cost not exceeding $250 and to accommodate twenty 
convicts. 

But these are matters of detail for future intelligent legislation 
based upon actual experience. The consensus of opinion among 
the advocates of a betterment of the public wagon-roads seems to 
favor State control as the only practical method for securing a per- 
fect road system. So various are the road laws in the different 
States that it is irrelevant to offer suggestions as to desirable road 
laws which shall apply to all localities, but the road laws of the 
State should be elastic enough to cover all conditions and satisfac- 
torily meet all requirements. 

In the building of such roads and in the maintenance of the same, 
the labor of the prisons could be constantly employed. The con- 
struction of a perfect road system would require many years, but 
the sooner the great work is inaugurated the sooner will the benefits 
be realized. The public wagon-roads of England and the Continent 
are the growth of a century, but they are enduring monuments to 
the civilization and enlightenment of the age which produced them. 

The newly-aroused interest of the farmers in governmental 
affairs, as evinced by recent organized action, would indicate that 
representatives of the farmer class mean to make their influence 
felt in the legislation of the future, to the end that agricultural in- 
dustries may be favored. In no better way could this influence be 
exerted than in the betterment of the common highways over which 
the farmer brings the products of his soil and toil to market. It 
would be a more practicable method of aiding agriculture than 
visionary schemes of financial aid through sub-treasury devices. 
Besides an improvement of the road system has the merit of general 
advantages to all other industries, 
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NEW YORK’S COMMERCIAL BLIGHT—II. 
By W. Nelson Black. 


‘TN the preceding article it was seen that the municipal tenure 
of the submerged lands around Manhattan Island is an ex- 
clusively New York conception, due to the malign influences 
that controlled the early history of the city; that it could have 
been the fruit only of a blunder or a crime; that it has been pro- 
ductive of about the worst water-front system imaginable, a sys- 
tem that has converted the lower part of New York into a bedlam 
of blockading trucks, and driven the shipping that would natu- 
rally seek the city to Brooklyn and New Jersey ; that it has made 
the lands along the water-front almost valueless, covering them 
with shells and rookeries that are a disgrace to civilization, and 
that, finally, it is threatening the city with an imminent commer- 
cial eclipse at the hands of neighboring cities that are sensible 
enough to observe natural and constitutional property rights. 

All this was seen and maintained without much fear that my 
position could be successfully controverted. It chiefly concerns 
us now to know what we are going to do about it. 

First, let us know what these submerged lands have been worth 
to the city. There is a popular impression that the property is very 
valuable. It ought to be valuable; and there is an improved sec- 
tion at the lower end of Manhattan Island about five miles long 
where we can find the data for an estimate. A portion of these 
lands have been alienated by the city, and now that she has dis- 
covered in the courts that these alienated sections cannot be re- 
covered as they were originally obtained, by a simple process of 
seizure, she is trying to recover them by purchase. Here is one 
means of estimating values, and we know that single piers in the 
hands of private companies are rated at hundreds of thousands of 
dollars. This is a fair test of value; but it is not sufficiently com- 
prehensive for the purpose in view. It does not cover the property 
of the city ; and the gross rental receipts of the dock department 
will serve us better. We know that these receipts are now about 
$1,500,000 a year, a total which represents the interest at six per 
cent. on $25,000,000, approximately. It may not be thought quite 
accurate to estimate on gross receipts ; but it is accurate enough 
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in this case, Call the value of the improved section $25,000,000 
then, and add to this the value of the unimproved sections also in 
the possession of the city. They have a potential though dormant 
market value; and the total, improved and unimproved, may be 
roughly estimated at $35,000,000. Yet all that the .city has ever 
drawn from this property in the form of net receipts has been 
about $100,000 a year. It is not drawing anything at this time. 
The balance is heavily the other way, millions a year, possibly, in 
deficit ; but since the time when our Democratic and Republican 
friends made one of their effective little combinations to give usa 
good thing in the form of a dock department, the total receipts 
have been $15,000,000 and the total expenditures $13,000,000. 
This leaves about $100,000 net gain each year ; and it has all gone 
into the sinking fund to help brace up the municipal debt. Can 
anything more ludicrous be conceived? Mind, it is the net gain 
from property with a potential market value of not less than $35,- 
000,000 and which in private hands would unquestionably be worth 
very much more than this total. 

“ But this is not a fair calculation!” exclaims the advocate of 
municipal enterprise. ‘It takes no account of the public improve- 
ments made by the dock department.” No, it takes no account of 
any public improvements. The writer does not believe that the 
Almighty would admit responsibility for the creation of any man 
who is such a mental derelict that he will claim that the dock 
department has ever made any improvements. ‘The few straggling 
platforms on piles over on the other side of the beach that isolates 
New York from her shipping are not improvements. No sensible 
man would think of calling them by any such name. The calcu- 
lation is entirely fair. The munificent total of $100,000 a year is 
all that has been saved to the city from the proceeds of the sub- 


merged lands in her possession ; and the remainder has been used © 


to disfigure her features and promote her ruin. Even at present 
valuations the property in private hands would be paying about 
$700,000 a year in taxes. Directly and indirectly it would be pay- 
ing several millions a year, for in private hands the increment not 
only on the submerged lands but on all adjacent lands, whether 
strictly repairing property or not, would have been several times 
the present total valuation. 

Let us now consider the subject in its relation to commercial 
economy. Of course, it was broadly treated in this relation in the 
first article. A system that causes the waste of $50,000,000 a year 
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in an abominable truck service is not entitled to much considera- 
tion when economy of any kind is under discussion ; but certain 
callow and dishonest men are always trying to convey the impression 
't. that whatever is done by government, so-called, is more cheaply 
done than when done by individuals or companies. It will be easy 
to show that as the proprietor of the submerged lands alone it will 
be simply impossible for the city to compete on anything like equal i 
terms with men who in adjacent cities are the proprietors of both 
a 5 submerged lands and uplands. What the city might be able to do 
were both properties in her possession it will not be worth while 
to inquire. So near the close of the nineteenth century and in a 
republic founded by Thomas Jefferson and his associates the ques- 
tion would seem irrelevant. What we have got already in the form 
of a dock department would be enough to make the founder of the 
Democratic party turn over in his grave, and we will do well to 
limit the inquiry to the existing*system. 
What, then, can New York expect to accomplish in competi- 
tion with the warehousemen of Brooklyn? Consider the question 
of rentals. In order to draw anything from its property the city 
must impose heavy charges for the use of its piers, its only source | 
of profit ; and these charges must be reimposed on the traffic either | 
in the form of charges for dockage or increased charges for mer- 
chandise, the final end of all recouping expedients. But in the 
hands of the owners of the uplands the submerged lands can be 
almost as free from all charges as the river. The profits of storage 
can cover the comparatively trifling expense of dredging and pier- 
building. New York at present is in the position of a man who is 
: , extravagantly maintaining two houses when he should only main- 
tain one. It would be better to say, rather, that she is in the posi- 
tion of the man who is trying to perform this feat. She is only 
succeeding in maintaining one house. Brooklyn is keeping the 
other. 
There can be no claim advanced in favor of the economy of 
the New York system. We are taught this much by example, even 
were the truth not so plainly self-evident. The warehousemen of 
Brooklyn are not managing their affairs with philanthropic objects 
in view. They know how to charge; and when we see the com- 
merce of New York floating away from the city and going to 
Brooklyn, Hoboken, Jersey City, Bayonne, and Staten Island, we 
may be sure that the choice of economy is against New York and 
in favor of her rivals. This is so certainly true that we could look 
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to see the restoration of riparian rights into the hands of the peo- 
ple of New York signalized immediately by a great reduction in 
port charges of all kinds. A reduction would be necessary, indeed, 
to enable New York to recover lost ground ; and for many years 
to come we may be sure that in a harbor where there is so much 
unimproved and cheaply available water-front as the New York 
harbor contains all charges would be held as low by the competing 
sections as they can be held profitably. No sensible man will wish 
that they should be held any lower. 

But, after all, this is not so much a commercial question as a 
question of construction and of local interests. The general pub- 
lic will be protected. Commerce will take care of itself, and it is 
taking care of itself by leaving the city as fast as it can pull up its 
roots and get away. But the city remains all the more humiliated 
and dishonored by the fact that her people once undertook to do 
a little in the way of construction that was thought at the time to 
look ship-shape and mercantile ; but which is proving to look like 
the pictures transmitted herewith to all readers of THE ENGINEER- 
ING MAGAZINE both near and far. 

There seems to be but one alternative for New York and it is 
here. The political engineer must step aside and let the con- 
structive engineer and the architect enter. The city has forfeited 
some of her commercial rights by a slumber many times more pro- 
longed than the slumber of Rip Van Winkle, and her rivals have 
gained some rights which it is now too late to wrest from their 
grasp. But New York has still the right to check as far as possi- 
ble the hegira of commerce from her piers, and to protect herself 
against the coming of a total eclipse. 

Desirable events will follow upon auspicious conditions just as 
undesirable events must always follow upon malign conditions. 
As water flows along the line of least resistance, just so certainly 
will men act in accordance with their environment, and do what 
they find it most profitable and expedient to do. If it is desirable 
to have a rearrangement of the mercantile districts of New York, 
if we wish to see the wholesale warehouses and the factories 
located in juxtaposition to the water-front, an event to be followed 
by the abolition in chief part of the thrice-abominable truck serv- 
ice, and if we expect to find the rivers lined with storage ware- 
houses, it will only be necessary to make the metamorphosis 
profitable; and, presto, the change will come. There are five 
thousand property holders in New York who are directly con- 
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cerned pecuniarily in the amendment ; and there are an indefinite 
number of engineers and architects who stand ready to execute a 
contract or commission with the utmost despatch. 

But, first, the city must get out of the way. She must no longer 
exercise the time-honored functions of the river pirate in the spo- 
liation of riparian estates. She must abandon those silly plans for 
exterior streets, or plazas, which are already beginning to make 
the borders of New York look like the disordered conception of 
some lunatic, and, at the mere cost of making the so-called im- 
provements, or on the best terms obtainable, which ought not to 
be greatly above cost, surrender to the riparian landholders all pier 
franchises. This may sound like a very radical suggestion ; but it 
will be found a very profitable kind of radicalism for New York. 
It is the only step consistent with our political constitution ; and, 
the step once taken, amendment would be very rapid. The very 
step itself would add $100,000,000 to the value of water-front 
property and property adjacent to the water-front; and the im- 
provements to follow would quadruple on this amount in the suc- 
ceeding ten years. The wholesale merchants want warehouses so 
located that the incubus of truckage can be removed, and the 
builders stand ready to supply them as soon as they can be sup- 
plied profitably. 

Let us draw a pen picture of a possible New York, then, and 
print it on the reverse side of the pictures illustrating this article. 
It will bear but a slight resemblance to the photographic series, 
but it will represent a Phenix New York rising from the ashes of 
the old “Commonality”’ after the ghost of Dongan has been ex- 
orcised. 

First, let us draw in fancy the scene along the water-front look- 
ing from the deck of an incoming ocean steamer as she sweeps 
majestically up the bay and river to her pier. There will be a wall 
of fire-proof warehouses, broken only at the street openings, all 
along the rivers in the district where traffic concentrates. These 
warehouses, six or seven stories in elevation, will rise from founda- 
tions placed at only a sufficient distance back from the bulkheads 
to give room for a double track tramway, with switches, and they 
will present to the eye of passengers on the water facades of most 
imposing design. But all their fronts will not be visible from the 
rivers. It will not be a single line of warehouses that will be seen, 
but blocks of warehouses fronting on three streets as well as on the 
rivers. Thus located, they may be used either for wholesale traffic 
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or for storage ; and in the area in the center of each block will be 
the place for the receipt and delivery of all merchandise. Trams, 
propelled either by electricity or cable, will furnish the means of 
transportation between these areas and all piers and railway freight 
depots. As to the piers they may be built either of granite or iron, 
and they will be shedded as now. But the roofs may be converted 
into platforms where the poor, whom we have always with us, may 
while away the sultry evenings of midsummer. 

This will be the situation along the water-front of New York 
soon after the dock department has ceased its interference with the 


- natural arrangements of commerce. The wholesale houses of the 


city will all be concentrated on the blocks nearest the water. They 
will be forced there by the demands of economy in handling 
merchandise ; and following their lead the heavier manufacturing 
industries will naturally gravitate towards the next interior blocks. 
They will be drawn there, like the warehouses, by the consideration 
of greater convenience and less cost. The tramways entering the 
warehouse blocks may be extended across the street into the areas 
of the manufacturing blocks, and they will give manufacturers all 
the facilities for long distance transportation provided for the 
merchants. 

To some native New Yorkers, trained to familiarity with the 
conditions of a pigsty along the water-front, and hopeless of 
change, this picture may seem too much like Bellamy’s dream to 
be a truthful presentment of coming improvements. But nothing 
has been delineated which may not be witnessed in partially-devel- 
oped perfection just across the river, in Brooklyn. It would have 
been developed there in a high degree of perfection before this 
time had the people of Brooklyn ever taken it into their heads to 
engage in the wholesale traffic. 

The picture is entirely natural, but it is not yet quite completed. 
A great transformation awaits the interior of the city when New 
York recovers from her lunacy and gets rid of the political engineer. 
It was the disorderly water-front system that caused the wholesale 
houses to invade the retail district down-town, and, with their 
auxiliary avalanche of trucks, to drive the retailers away from the 
center of population. It does not seem to be generally known that 
about two-thirds if not three-fourths of the population of the met- 
ropolitan district lies to the southward of Union Square, and that the 
really most central location for a retail dry-goods house would be still 
in the neighborhood of Chambers-street. Yet this is the fact; and as 
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A SPECIMEN RUIN ON SOUTH STREET, 


the wholesale merchants vacate their premises along the lower part 
of Broadway, and the blocks adjacent to Broadway, their places can 
be profitably filled by retail merchants. It is not as far from Har- 
lem to Chambers street as it is from East New York and about all 
Brooklyn and Jersey to Twenty-third street. Then, again, there is 
no good reason why all or nearly all the great hotels should be 
located miles away from the commercial center. They were forced 
to go up town for the security and comfort of guests; but a way 
will be opened for their return when the truck service has been 
curtailed. Indeed, the writer can conceive of a lower New York 
made so compact, comfortable, and free from all noise, filth, and 
nuisances of any kind that a new opera-house might be located on 
the site of Burton’s old Chambers-street theater, could the location 
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be found. No such restoration of vanished glories need be antici- 
pated ; but it is suggested for the purpose of showing how far New 
York has been pushed from her true equilibrium by the pernicious 
system that she is nursing. : 

The chief need of New York as a preliminary to amendment 
along the water-front is a little more of the fighting accomplish- 
ment. Her people fight doughtily on the defensive, a kind of 
fighting that generally leads to defeat. But they never fight ag- 
gressively if they can help it. It seems a little strange that about 
one hundred years should have been allowed to pass since confisca- 
tion was made unconstitutional in the United States, and that during 
all this time no person should have challenged in court the right of 
a colonial governor and a State Legislature to take without com- 
pensation the property of the riparian landholders of New York 
and give it to the city. Throughout Christendom, and as far back 
in bistory as the usages of land tenure can be traced, the title to 
submerged lands adheres and has adhered to the upland. Outside 
of the city, even the State of New York will not allow submerged 
lands to be granted to any proprietor except the proprietor of the 
adjacent lands, Then it seems to be about time that we should 


know whether or not in dealing with the people of her chief city the 
State is following a constitutional precedent which may have been 
made on the planet of Mars, but which is certainly not recognized 
in any other star in the American constellation, nor among any of 
the outlying nebula beyond the ocean. 
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INTUITION IN MACHINE-DESIGNING. 
By John T. Hawkins, M, Am, Soc. M. E. 


HE human mind is so constituted that successful endeavor 
in the various walks of life is dependent largely upon sun- 
dry tendencies or aptitudes, which are in great measure 

instinctive in character ; and these peculiar mental traits lead their 
possessors into certain paths of activity corresponding to them, 
even against direct educational opposition to some extent. These 
tendencies continually assert themselves without special training 
or development and are always more or less perceptible in man’s 
activities. ‘They produce results, however, small in proportion as 
they are untrained and undeveloped ; but under favorable envi- 
ronment and with intelligent educational nurture they are brought 
to such a degree of efficiency as we see exemplified in many of our 
great specialists in the various professions. 

Among the useful tendencies of the mind, almost every one 
possesses some one or more which preponderates over or domi- 
nates the rest, and so far as the development of the man in mun- 
dane usefulness is concerned, it is a self-evident proposition that 
he is most likely to excel if the natural bent of his mind is followed 
in every preparatory and educational effort made in his behalf. 

The tendency of modern times, under the vast field of knowl- 
edge which the acquisitions of the past presents to the student, is 
to confine a single man’s efforts within a more circumscribed area, 
making of every professional man a more exclusive specialist ; 
indeed this has become a necessity from the fact that no man 
now-a-days can possibly learn or “ know it all,” even when con- 
fined to a single recognized profession ; and perhaps much of the 
unprecedented advancement made during the past century is due 
to the fact that specializing man’s efforts has become a necessity. 

Among the natural aptitudes which are peculiar to mankind 
and having distinct recognition as such are, for instance, music, 
painting, poetry, oratory, mathematics, etc. The possessors of 

’ either of these have an intuitional superiority in them, such that 
with proper training during the périod of adolescence they must 
inevitably excel in the given field; where, if their training were 
directed to that which they were less prominently fitted for by 
nature, mediocrity is at best the result. 
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In the domain of applied mechanics there exists a faculty of 
the mind as pronounced and well-defined as is found among the 
spheres of activity above mentioned. It is best comprehended as 
Mechanical Intuition; and is intimately associated with what is 
known as the inventive faculty. While the two in fact tombine to 
form that highest quality in the mechanician which leads to supe- 
riority in pursuit of his profession, the possession of the one does 
not necessarily involve the other, and we too often find the prac- 
tical mechanician sunk in the more visionary inventor. 

Those of us who are possessed of mental aptitude in mechan- 
ical matters are very generally adept students in physics, and it is 
but second nature to such men to comprehend Nature’s phenomena 
and laws ; but it is an unfortunate fact that a very great propor- 
tion of men who are naturally brightest as intuitional mechanics 
and natural philosophers have little of the purely mathematical 
bent of mind. It is unfortunate because the latter constitutes the 
most powerful lever by means of which the former is moved into 
place. That peculiar mental trait which enables its possessor to 
master the higher mathematics without difficulty—or what may be 
appropriately termed mathematical intuition—is rarely associated 
with either the purely mechanical or the inventive faculty to any 
great extent. Where they are combined, however, in the one man, 
we have potentially the highest type of mechanician and engineer ; 
but in the more practical and material walks of applied mechanics 
the man is the more efficient and successful in proportion as the 
mechanical instinct preponderates over the purely mathematical. 

Among the well-defined natural aptitudes indicated above, me- 
chanical intuition has received the least recognition as capable of 
development through educational means, and it has long been the 
opinion of the writer that this particular trait should be more di- 
rectly and assiduously fostered in our technical and other educa- 
tional institutions than has been done in the past. While it must be 
patent to any one who gives the matter the least serious thought that, 
primarily, a young man who is most likely, from his natural aptitudes 
to excel, for example, as a musician, poet, painter, doctor or lawyer, 
should not be put in training to make of him a specialized mathe- 
matician or mechancian, but should be placed under a course of 
training in which—while including something of an elementary 
character in most of the paths he is naturally least fitted to follow 
as defining his profession—his education should be more directly 
aimed at the development of his natural bent, It is equally true 
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that, after the particular profession, or the particular institution to 
which he is to be sent, is decided on as best adapted to develop his 
natural traits in the general direction in which he aims, the same 
discrimination should be exercised within such an institution or 
course of study ; since in these days, even in a well-defined profes- 
sion, no man can expect to excel unless he finally becomes more or 
less a specialist therein. 

We have now numerous schools and colleges which have for 
their object the best course of preparation for the mechanical engi- 
neer ; and in these, while it is, of course, absolutely indispensable 
that the embryo engineer should have a fairly good knowledge of 
the mathematics, analytical mechanics, chemistry and other 


branches of the more general learning that constitute and are es-- 


sential to his general equipment, the most prominent of all, and 
that which is most indispensable to him as a definitely specialized 
engineer, in most of the branches, is that his mechanical intuitions 
and inventive faculties should be fostered, trained and developed 
in every possible way. 

It is of course understood that among the special fields into 
which it now seems to have become necessary to divide the profes- 
sion of mechanical engineering—at least when practical life 
begins—there are some in which the more theoretical and analyti- 
cal refinements of study are indispensable ; and toward which the 
student’s efforts should have more special direction, and it is in 
exactly these that mechanical intuition may best be given a subor- 
dinate place ; but in a majority of the more or less special fields 
into which the profession is now of necessity divided, the former is 
the least and the latter the most important. 

The point is that to produce the best equipped mechanical en- 
gineer—except in certain especially theoretical directions—some- 
thing of those more abstract and general branches of study which 
go to make up the substructure upon which he must be built, 
should give place to an increased effort in the direction of educa- 
ting, developing and training his mechanical and inventive instincts 
and intuitions ; without something of which latter no boy has any 
business at a mechanical engineering school. Now, for a large 
proportion of men, the foundation is unnecessarily broad, at the 
expense of the height to which the particularly designed super- 
structure might otherwise be safely raised. 

It should require a very different training and course of study 
to equip a young man to become a professor of mathematics, of 
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chemistry, of physics or of mechanical engineering as a whole, 
from what is necessary for the production of a constructive and 
executive mechanical engineer ; and no one could object, where a 
boy exhibited a superior natural bent in the direction of either of 
these, to having him fitted therefor by every possible means ; pro- 
vided he desires such a consummation as they lead to in directing 
his life-work. But to devote too much of his four years’ course at 
school to the calculus, analytical geometry and similar ground- 
work to the detriment or neglect of that particular attribute of his 
mind which is most calculated, if properly encouraged and de- 
veloped, to make of him a capable and successful mechanical en- 
gineer in whatever field he will ultimately cultivate, tends to ren- 
der him an impracticable, at the outset at least, in the very walk of 
business life which he presumably chooses ; and—disavowing any 
desire to belittle in any way the grand-work our technical schools 
have done and are now doing—it is the writer’s firm belief that 
still better results may be had by so modifying the present courses 
of study at those institutions as to make them largely elective, and 
for such as exhibit the greatest mechanical and inventive turn of 
mind, to discriminate more in favor of encouraging, fostering and 
developing that to which he most decidedly leans. 

Engineering, as a profession, in times past included all that is 
now placed under many heads: as civil, mining, military, electric, 
sanitary, mechanical and others ; these divisions being in the direc- 
tion of the specializing made necessary by the constantly widen- 
ing field of knowledge in those pursuits; and in most of them 
there are now to be found subdivisions becoming as indispensable 
for the same reason. Among the several recognized general divi- 
sions of engineering none covers a broader field than that of the 
mechanical engineer ; and while that faculty which I have de- 
nominated mechanical intuition is essentially an aid to a man in 
either branch, it is, of all, the preéminent trait in which resides the 
potentiality of the mechanical engineer in the largest proportion 
of the many subdivisions into which it not only must, but is, now 
separated in practical life ; and it is that particular quality of the 
mind which should above all others be given the greatest promi- 
nence and most assiduous cultivation during his school days in any 
event. It would be infinitely better that a student at a mechanical 
engineering school should have that part of his course now devoted 
to the higher analytics supplanted entirely if necessary by some 
course of training which would be specifically devoted to the sharp- 
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ening and developing of his mechanical aptitudes, and expect of him 
that he acquire what he may finally need of them after graduation 
by a post-graduate course or otherwise than that it should be ex- 
pected that he be invariably made proficient in them, as now, and 
be left to acquire that development of his mechanical traits which 
is so indispensable to him upon entering upon his professionai 
career, almost entirely after graduation. The higher mathematics 
could be studied and acquired in post-graduate life by such as have 
a reasonable bent of mind in that direction with greater ease than 
can be obtained and mastered that particular but large factor in 
knowledge which comes under the caption of this paper; and it 
is infinitely more important to every mechanical engineering student 
to-day that he be as thoroughly trained as possible, in the time 
available, in all that I have described as mechanical intuition and 
inventive instinct, than that he should become an expert mathemat- 
ician ; unless his life work is to be devoted more especially to the 
theoretical than to the practical exercise of his profession. 

It is not uncommon to find an alumnus of one of our mechan- 
ical engineering colleges, after two or three years of activity in 
his profession in a field not calling for the use of analytics to any 
great extent—and these fields are legion—quite ready to confess 
that, not only has he never had occasion to apply the calculus to the 
solution of a single problem, but that in so short a time, from this 
very fact of disuse, he had already become unable to apply it if it 
were needed; that he had so far forgotten it as to render the 
time devoted to it at school simply wasted ; and it is equally 
notorious that many young men find themselves greatly at loss 
how to make themselves reasonably useful during the first years of 
practice of their profession. 

There is no part of the extended field of mechanical engineer- 
ing which calls for the exercise of mechanical intuition and invent- 
ive capacity to such an extent as machine-designing. There is 
scarcely a machine of any kind conceivable that may not be 
designed in a great variety of ways such that it may perform its 
functions or subserve its purpose more or less perfectly ; while its 
efficiency, cost, durability and fitness in every way will be as various 
as these possible designs. It is the intuitional mechanic that will 
evolve the best design in a vast majority of cases rather than the 
man who is expert in the higher analysis ; and there are few experi- 
enced mechanical engineers who are competent machine-designers 
who will not bear me out in saying that a very large proportion of 


A 
+ 


INTUITION IN MACHINE-DESIGNING. 485 


machines never require the aid of the calculus to give them their 
best and most efficient design and proportions ; and that the appli- 
cation of that powerful instrument could not be of much, if any, 
effect in bringing them as near as possible to perfection. 

Machine-designing forms so important and extended a part of 
the profession that what would seem to be most needed in mechani- 
cal engineering schools is a more definitely marked out course in 
that particular branch. The course in mechanical drawing now con- 
stituting a definite part of the curriculum should, of course, be an 
adjunct of this branch—and a principal one—but only an adjunct ; 
while what should really be prominently a course in machine de- 
signing should include in a more or less extended way what the 
name implies. In such a course, machines and parts of machines 
should really be designed, and the same part or machine be designed 
in various competitive ways. Problems of the character, for ex- 
ample, of those recently given by Mr. Leicester Allen in the Amert- 
can Machinist, under the title of “ The Cultivation of Inventive 
Capacity by the Solution of Constructive Problems,” would be of 
the highest utility in exercising and developing the mechanical and 
inventive instincts upon which machine-designing so greatly de- 
pends. In these, a given motion is required ; the problem being 
how best to effect or produce it. In such problems the students of 
a class would give as various solutions as have Mr. Allen’s readers ; 
and the exercise this would afford would be of the highest possible 
educational quality not only in the direction of machine-design- 
ing but in the making of a mechanical engineer in the more general 
sense. Making a study of constructive problems in some such way 
should in fact occupy the highest place and be given the greatest 
time in his education of any specific branch that can be formulated. 

There is, of course no end to the extent to which this might be 
carried, quite to the detriment of the boy’s more fundamental and 
general instruction ; but exactly the other extreme is now pursued 
in paying too little attention or giving an insufficient prominence to 
the development of the mechanician and in consuming too great a 
proportion of his college period in refinements of the more general 
studies which he can very much better dispense with at the outset 
of his career in practical life, and more easily acquire afterwards 
than he can do without that which calls for the exercise of his ex- 
ecutive and constructive capacity at the start. 

The present system leaves the young man at graduation as an 
“M. E.” in such position that, in a majority of his possible fields of 
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activity, little is to be hoped for from him in earning capacity (and 
for a large number of our young men this is a very serious matter) 


and is dooming many promising men, really capable of better things . 


and deserving of better prospects, to a long period of subaltern 
drudgery which disappoints and discourages them to the last degree. 

The kinematics of machines as given in the text-books now in 
use in the schools, constitutes a valuable branch of general study in 
the direction of develcpment of raechanical intuition, but this kind 
of study of mechanical movements is too general in character to 
operate definitely in the direction of educating the inventive or me- 
chanical bent, unaided by the more specific study of and exercise 
in constructive problems. 


Shop-practice and instruction as now pursued is of the last im- , 


portance ; but it takes hold of the problem at the extreme practical 
end only. It imparts an indispensable kind of instruction to be ac- 
quired in no other way so well; and one which no mechanical 
engineering student should have less of than he now obtains at 
those institutions ; but between this and text-book kinematics—as 
particularly pertinent to machine-designing—lies the missing link 
which is wanting in the under graduate courses. 

The study of kinematics as now taught is as essential in the 
course as either of the other fundamental branches, and shop-prac- 
tice, within the limits of the school period—while far from making 
a skilled mechanic of a man—teaches him how the principal opera- 
tions in the shop are best performed ; but a proficiency in both of 
these, added to the various fundamental parts of his general curri- 
culum still leaves him—particularly as a machine-designer and 
executive engineer—without the ability to play such a part therein 
as should reasonably be looked for in a graduate. It should bea 
part of his curriculum to design some machines and invent others 
in a competitive manner, such as might be expected to properly 
subserve some predetermined purpose. 

With a portion of the time now devoted to some of the refine- 
ments of mathematical and analytical study, exchanged for some 
such exercise in constructive problems as are pointed out above 
our young mechanical engineers would, in a majority of the possi- 
ble fields of activity open to them, not only be able to make their 
start in life with greater promise of a career more profitable to 
themselves and to those in whose employ, or under whose direction 
they may be placed, but would ultimately make of themselves more 
efficient and capable men and engineers in whatever special field 
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they may choose, if they acquire in post-graduate or actual work- 
ing life some of the desirable refinements above mentioned, in- 
stead of finding themselves obliged to begin at that time the 
acquisition of the ability to construct, execute, plan and invent. 

The present error seems to be in making the curriculum more 
general than this specializing age will permit ; failing to apportion 
the school period in a proper division of the kinds of study essen- 
tial to the making of the student the most efficient and capable to 
enter upon such a specialized exercise of his profession as he must 
perforce decide upon at some time, and which should be decided 
not later than at the end of his sophomore year. After starting 
out, and taking this—to him—most important step in life, he finds 
no one making it his business to train him any further than he has 
yone at school. Bread-and-butter, or the means of getting it, stares 
the most of them in the face and they must dig the rest out for 
themselves, whatever that may amount to or consist of ; mean- 
while they, or he, not only feels, but in reality should be self- 
sustaining from that time ; and he can better dig out, while self- 
sustaining, what I have indicated as desirable to supplant by a 
more direct training of his mechanical intuitions than that which 
is immediately required of him in a vast majority of instances. 

No one can stop learning when he leaves school, and none 
should ever cease to be a student if he would succeed in life ; and, 
since it has become quite impossible that the average man can 
acquire all there is of mechanical engineering, even in a lifetime, 
and the more completely any one man’s efforts are specialized is 
he likely to be a success, both materially and professionally, the 
question only remains: what of his possible school studies is it 
best—in view of the particular field he aims to settle in—to leave 
to post-graduate study and for acquisition in after life while in 
profitable pursuit of his profession? It would seem that, as in so 
large a proportion of mechanical engineering work the exercise of 
mechanical aptitude and inventive skill is the first prerequisite, 
while in a very much lesser proportion the exercise of the more 
theoretical and purely analytical processes are found necessary, 
the courses of study might be made to more closely conform to 
these conditions than now obtain. In the present system be- 
tween transcendental theoretics on the one hand and a modicum 
of “finger wisdom” obtained in shop practice on the other, there 
is a hiatus—a vacuum in which the mechanical engineering world 
seeks in vain for the men it mostly needs, 
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THE PROGRESS OF CREMATION. 
By John Storer Cobb, 


OWEVER views may differ upon the proper manner of dis- 
H posing of the remains of our departed fellow-creatures, the 
importance of the subject will be admitted by all who have 
bestowed upon it a moment’s contemplation. It forms a serious 
factor in the problem of health, and in the solution of this problem 
every one living has a critical interest. The sanitary conservation 
of a community demands the early removal and disposal of its 
dead; but the method by which this is effectuated is scarcely 
less important than the existence of the fact itself. The law of 
nature ordains that our bodies shall return to their constituent 
particles so soon as they shall have become incapable of perform- 
ing the functions of life. Many have been the contrivances by 
which the accomplishment of this disintegration has been sought. 
But however these may vary the result is in every instance the 
same. That dust shall return to dust is inevitable. In no way can 
we prevent the fulfilment of the decree. We may obstruct or we 
may assist ; we may shorten or we may lengthen the time of the 
operation. ‘That is all. But in this lies the whole distinction that 
exists between danger and security to those who survive. Every 
second consumed beyond the shortest time necessary to the proper 
and decent encompassment of the desired end constitutes an ele- 
ment of danger to the health of those who live after us. 
Notwithstanding this, it is noteworthy that among the many 
different ways which have been contrived for the disposition of the 
dead, none, until recently, has had any definite consideration for 
the effect produced upon the living. When any special method 
has been devised it has been almost invariably with the idea of 
honoring the memories of those from whom benefits were believed 
to have been derived, or of degrading those whose lives were 
_ considered to have been sources of injury to their contemporaries. 
Most of these methods pertain to savage tribes and need not be 
considered now. The three methods in vogue among civilized 
nations are those of embalming, inhumation, and incineration. 
These may be described, in general terms, as an attempt to ob- 
struct the process of nature, an indifference to the success of her 
488 
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endeavors, and an essay to assist her in her work. This classifica- 
tion, however, presupposes in inhumation the direct contact of the 
body with the earth. By the intervention of casket or coffin, and 
the construction of elaborate tombs and vaults, the operations of 
nature are retarded and the evils of direct burial are intensified. 
We may therefore, by placing mummification and inhumation to- 
gether, make a duplex division of our subject, and say that we are 
presented with the alternative of obstructing or of assisting nature. 
We are offered the choice of a putrifying or a purifying process—of 
disposing of our dead so that the living shall be injured or in such 
a manner that no harm may result from the operation. 

The evils of inhumation, or burial in the earth, have been 
dilated upon so frequently that it would seem almost superfluous to 
say more about them, were it not for the fact that feelings of such 
strength and respectability are aroused when a change is proposed, 
and that education ever consists of repetition. Chemists and 
physicians of all schools and climes admit, I believe, that the 
mephitic exhalations from decomposing animal tissues are poison- 
ous. ‘They are fatal in their effects when entering, in a condensed 
form, into the human system ; and, however they may be weakened 
by diffusion, they inevitably lower the vitality of those who breathe 
them. Records exist of several instances of almost instant death 
resulting from the opening of graves and the removal of the bodies. 
The evidence is voluminous of reduced ability to contend with dis- 
ease on the part of those who live in the neighborhood of grave- 
yards, even where the use of these repositories has been discon- 
tinued for years and all bodies therein placed have been long since 
removed. It is not surprising, therefore, that the public mind has 
become agitated concerning the deleterious effects of crowding the 
earth with slowly decomposing human corpses, and that the cry 
has arisen for some other means of resolving these remains into 
their elemental components. 

The earnest attention which has been bestowed upon the sub- 
ject has resulted in the decision, on the part of many thinkers, that 
the general welfare will be promoted by the substitution of crema- 
tion for our present method of inhumation. The matter has been 
discussed ably by the advocates of each system. Many objections 
to the suggested change have been urged, but all of them appear 
to have been answered so satisfactorily that the theory may now be 
said to have gained a victory. There yet remains, however, on the 
part of many, a very strong prejudice against the practice of cre- 
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mation. This feeling is of such a character as to entitle it to the 
utmost respect and consideration, and it is so deeply rooted that 
nought but familiarity with the process, perhaps, will remove it. 
It may prove serviceable, therefore, to note the progress that has 
been made of late in the dissemination of the idea as well as in the 
practical application of the system. 

It is only eleven years since the establishment of the New York 
Cremation Society, the first institution of the kind in this country, 
and not until the year 1885 was the first of our present operative 
crematories inaugurated ; yet there are now in the United States 
more than fifteen of these incinerators in more or less continuous 
service. In Europe, also, the growth of sentiment in favor of this 
practice has been very marked. In the number of crematories 
abroad Italy takes the lead, but there is scarcely a civilized coun- 
try without one or more of these appliances in use. 

The pioneer furnace of the United States is at Washington, 
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FURNACES AND RETORTS—LANCASTER (PA,) CREMATORY, 


Pennsylvania. This was constructed by Dr. F. Julius Le Moyne, 
for the incineration of his own body. He was desirous, however, 
that in the meantime it might serve an educational purpose, and 
he permitted its occasional use, that the community might become 
gradually familiarized with the reform which he advocated. After 
his death, and out of respect to his wishes, his executors deter- 
mined to admit for incineration the bodies of persons from all parts 
of the country, and thus help to keep alive the public interest in 
the matter. This was done until nearly forty bodies had been re- 
duced to ashes in this crematory, and the demands for its services 
became so numerous as to interfere seriously with the regular busi- 
ness of the executors, when these gentlemen issued a notice that 
after August 1, 1884, they would be compelled to refuse reception 
to any bodies other than of those who had been residents of the 
county in which the building is situated. Since that date the fires 
have been lighted but once, so that we may regard the work of this 
avant-courier as in all probability practically ended. 

This furnace does not make any pretension, of course, of taking 
rank with some of those which have been devised since its adop- 
tion. It is, indeed, somewhat crude in construction, and it takes 
too long to effect its object to permit of its design being ever 
brought into extended use. Yet it has done a most useful work 
and, by its propzdeutic services in the cause, will be always en- 
titled to honor from those who believe that the general good is 
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subserved by the substitution of cremation for burial as a means of 
disposing of the human dead. 

About the time of opening the above-named crematory an 
attempt was made to organize a cremation society in New York 
city ; but, owing to a financial crisis in the business world about 
that period, and to the fact that public opinion in the Empire 
State had not yet sufficiently progressed, the experiment had to be 
abandoned. For nearly seven years no further steps were taken. 
Early in the year 1881 a meeting of advocates and sympathizers 
was Called, and the occasion was considered favorable for a repe- 
tition of the endeavor with reasonable hope of success. It was 
decided to form two associations, one with the object of spreading 
abroad healthful information respecting the matter, and the other 


THE BUFFALO CREMATORY, 


for providing the means of carrying the idea into practice. The 
first was called the New York Cremation Society, and the last was 
designated the United States Cremation Company. The former 
has done, and is doing, valuable service in the carrying out of its 
propagandist objects and has also rendered substantial aid to its 
sister company in providing for the practical application of its 
tenets. The stock of the United States Cremation Company was 
taken slowly, and it was not until after the expiration of a con- 
‘siderable time that work upon its intended building was begun. 
Even then it did not proceed without interruption. Owing to ac- 
cidents and other drawbacks its apparatus was not in working order 
until the year 1885, when the first incineration took place. Since 
then upwards of 750 bodies have been reduced to ashes by its means, 
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The furnace used was constructed from plans furnished by " 
Professor C. J. Eames, and was perfected afterwards by Dr. M. L. ? 
Davis, of Lancaster, Pennsylvania. It is of fire-brick throughout, 
and separated into two distinct but similar compartments. The _ 
body is placed in a chamber directly above that in which the fuel . 
is consumed. ‘The bottoms of the retorts are solid, but the sides 
and ends are pierced with holes, by means of which the heated air 


CHANCEL OF THE BUFFALO CREMATORY 
of the furnace has direct access to the body, while the flames are iq 
not permitted to approach it. The heat of the retort soon liber- 
ates everything volatile in the body, and these emanations are q 
conducted through another highly-heated chamber and thus ren- 4 
dered odorless and absolutely innocuous before they find their way 
into the chimney which forms their means of egress to the air, | 
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The time taken up in reducing a body to ashes depends somewhat 
upon the size and condition of the person when alive, and, in this 
furnace, averages about two hours. ‘The fuel used is coal, and in 
five or six hours from the starting of the fires a temperature of 
from 2000° to 2500° F. can be obtained. The building, as it at 
present stands, is not a mode! of beauty, nor are the approaches to 
it the most desirable avenues of travel. For these things, how- 
ever, the company merits sympathy rather than criticism. It has 
met with unexpected drawbacks in the prosecution of its work, but 
is now proceeding with commendable energy and judgment, and, 
it is hoped, soon will have its appliances in shape and condition 
such as were originally intended. 

By the middle of the year 1884 interest in the subject had been 
somewhat extensively aroused, and at that time the Cremation and 
Funeral Reform Society of Lancaster, Pennsylvania, was organized, 
and the erection of a building was at once commenced. Work was 
conducted without interruption until the 25th of the next Novem- 
ber, when the crematory was dedicated. It will thus be seen that, al- 
though this society was formed considerably later than the United 
States Cremation Company, it was somewhat earlier in a position to 
initiate operations. This, therefore, must take rank as the second cre- 
matory of the United States, and Pennsylvania must be regarded 
as the leader, in a double sense, of the practical movement on the 
western side of the Atlantic. 

The furnaces and retorts are built from designs and plans orig- 
inated by Dr. M. L. Davis. They are two in number, side by side, 
built of fire-brick and tiles made of the same material, fire-clay, red 
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LE MOYNE CREMATORY, WASHINGTON, PENNSYLVANIA, 


brick, asbestos, sand and iron. The retorts occupy the center of 
each furnace and the flues are constructed so that the heat encir- 
cles a retort three times before leaving it. The doors swing upon 
hinges, and are made air-tight by ground-joints and asbestos pack- 
ing. The flue-chambers are faced outside with asbestos radiators, 
and protected by an expansion chamber. Before entering the es- 
cape-flue the gases from the body are compelled to travel through 
these flues, heated to a temperature of 2500°. Escape for any por- 
tion that has not been completely oxidized is thus rendered impos- 
sible. These furnaces can be heated in six hours, though a longer 
time is usually allowed in order to obviate the liability to injury 
through rapid expansion. Any kind of fuel can be used, and the 
time required for the incineration of a body is from forty-five to 
ninety minutes. 

The subject has taken so firm a hold upon the minds of the 
Pennsylvanians that the directors of the Allegheny Cemetery Com- 
pany resolved, last January, to erect a columbarium upon the com- 
pany’s property. This is built upon the hillside and contains one 
hundred niches or recesses for the reception of urns. The mate- 
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rial used is granite, and the style of architecture followed is, most 
appropriately, that of ancient Greece. There are five wide doors 
opening into as many compartments, Thecentral or main entrance 
is that of the columbarium, and on each side are two vaults. The 
door opening into the columbarium is a fine specimen of bronze 
open work, through which a complete view of the interior may be 
had. ‘The main entrance is supported by four massive pillars and 
adds much to the beauty of the structure. The doors of the vaults 
are of massive bronze, and each opens into a compartment for the 


LE MOYNE CREMATORY—RECEPTION ROOM, 


reception of urns. In the interior, which is finished in terra-cotta, 
are four tiers of recesses. These are so constructed that a tablet 
with an inscription or a plate-glass front may be placed in them, 
as the owners may desire. In the uppermost tier each space is 
separated from the next by an ornamental pillar, upon which rests 
the end of one of the arches forming the roof, which is in the 
form of a dome, and is finished in panels and arches of terra- 
cotta. The rays of the sun entering the apartment are softened by 
a stained sky-light. This is, I believe, the only building in the 
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world dedicated solely to the reception of human ashes. Since the 
times of ancient Greece and Rome no other has been erected for 
such a purpose. Our German cousins are about to build one in 
Berlin, but, so far, this in Pennsylvania stands alone. 

In Pittsburgh is located a crematory in which, it is said, more 
bodies of prominent Americans have been reduced to ashes than 
in any other in the country. The furnace is situated in an under- 
taking establishment, and is also from the model of Dr. M. L. 
Davis, of Lancaster. Among the bodies cremated here may be 


LE MOYNE CREMATORY—FURNACE AND RETORT, 


mentioned those of Emma Abbott; Major McKee, commander 
of the Allegheny arsenal; and Professor Arbogast, a local musi- 
cian of considerable note. This crematory is peculiar in being the 
only one in the world situated on a busy street in the heart of a 
great city and likewise the only one that has the advantage of 
natural-gas for fuel. It is noted particularly from this fact, and 
in foreign journals is always spoken of as the “natural-gas crema- 
tory.” About seven or eight hours are required to heat the fur- 
nace to the proper temperature. Within one hour or one hour and 
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fifteen minutes after a body is introduced, nothing remains but the 
ashes. Not more thaa a few feet from the crematory is an apart- 
ment intended as a receiving-vault as well as for the temporary re- 
ception of urns. 

In March, 1885, the second cremation company in the State of 
New York was organized at Buffalo, and inthe following Decem- 
ber the first cremation was conducted in the temple which, in the 
meantime, had been erected. This temple is built of dark-brown 
sandstone, and with its square tower and steep slanting roof, cov- 
ered with ivy and surrounded by sloping lawns, reminds one of the 
small chapels built in the north country centuries ago. The chancel 
and the nave are decorated in early Italian style. Different sym- 
bols and devices are interwoven in arches of peacock-green and 
blue, and the windows are of rich stained glass. The incineration 
takes place privately after the funeral service has been brought to 
a close, and the ashes are delivered to the undertaker, to be dis- 
posed of as the family may direct; or they may be left at the 
crematory, where it is hoped a columbarium will be erected in the 
near future. The number of cremations which have been con- 
ducted each year in this building gives a very clear indication of 
the progress which the sentiment in favor of thismethod is making. 
It cannot be called, by any means, a rapid advance, but it is grati- 
fying on account of the steadiness of the increase. During 18386 
eight bodies were incinerated, and in each successive year to the 
end of 1891 the numbers were, respectively, 17, 16, 23, 30 and 37. 
The system in use here is that which was invented by the Italian 
engineer, Joseph Venini, and was first used at Milan. It is also in 
use at Udine, Padua, and other Italian cities, as well as at Troy, 
New York. - 

The building at Troy is, perhaps, the most beautiful, as it cer- 
tainly is the most costly, structure of the kind in the United States. 
It stands in Oakwood cemetery, on the edge of a cliff three hun- 
dred feet high, overlooking the Catskill mountains and the waters 
of the Hudson. It was erected by Mr. and Mrs. William S. Earl, 
of Troy, as a memorial to their only son, who died March 3, 1887, 

_after having become, while traveling in Europe, so favorably im- 
pressed with cremation as there conducted, that he desired his 
own body, at death, to be subjected to the same process. This 
was done at Buffalo on April 20 of the same year. The memorial 
is a magnificent granite structure, 136 feet in length and 70 feet 
wide, with a tower go feet high. It has been made a gift to the 
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cemetery company with the reservations that a place of burial shall 
be provided within for the members of the Earl family ; that there 
shall be a uniform charge for cremation to all applicants ; and that 
the chapel shall be free for funeral services to all owners of lots in 
the cemetery. The edifice contains two furnaces, placed beneath 
the room in which the retorts are situated ; and, by a combination 
of gases, which enter the retort at different points, an intense heat 
can be engendered with the consumption of a comparatively small 
quantity of fuel. 

The year 1885 was very prolific of incineration appliances. 
Four societies were organized during this year, besides those 
already named. Of these the limitations of space preclude more 
than a passing notice here. The Michigan Cremation Association 
was incorporated at Detroit, but it was not until nearly two years 
afterwards that its crematory was put into use. This is a one-story, 
brick, stone-trimmed building, with a small turreted tower in 
front. Its chapel has a seating capacity of about two hundred, 
and the body is lowered, by hydraulic mechanism, into the base- 
ment, where the incineration takes place. The system is that of 
Dr. M. L. Davis, and after four years of service, during which 
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nearly eighty bodies have been cremated, it is pronounced highly 
satisfactory by the directors of the association. The Baltimore 
Cremation Company also found difficulties in the pursuit of its 
plans. Having become involved in litigation over the purchase of 
the land selected, it was resolved to connect with one of the leading 
cemetery companies, and land was bought in the grounds of the 
London Park cemetery. It was not until October, 1890, that the 
apparatus was complete and the first incineration took place. It 
still has to contend with great opposition, so that not more than 
twenty dodies have been reduced to ashes through its agency. 

Although the Californians would seem to be, by a large majority, 
in favor of cremation as 
a theory, the San Fran- 
cisco Cremation Com- 
pany has not yet been 
able to raise enough 
money for the erection 
of acrematory. It has, 
however, now made such 
arrangements with the 
Cypress Lawn Cemetery 
Association as lead the 
directors to hope that, 
before the end of the current year, they may have one in operation. 
At present the bodies of those dying upon the Pacific coast, for which 
this method of resolution is desired, are sent to Los Angeles and 
there cremated. The crematory of the Northwestern Cremation 
Society, at Davenport, Iowa, was opened to the public in March, 
1891, and has now reduced to ashes the bodies of ten persons. It 
is an attractive little building at one corner of the West Davenport 
cemetery. The retorts and furnaces are placed below the chapel in 
which the funeral services are conducted, and the building contains 
a room for the reception and retention of bodies, if any doubt should 
exist as to the death, or if friends desire that some time should elapse 
before the dead are subjected to the disintegrating heat. 

In addition to these the Philadetphia Cremation Society has a 
building in which more than 140 bodies have been cremated. This 
crematorium is erected in the Chelten Hills cemetery, and is pro- 
vided with an extensive columbarium. Adjacent to the Municipal 
Hospital, the Board of Health has also established cinerary ap- 
paratus for use upon the bodies of paupers and hospital patients 
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who die‘of contagious diseases. The Cincinnati Cremation Com- 
pany was chartered in 1884, but from unavoidable causes its build- 
ing progressed slowly, and more than two years elapsed before the 
first incineration was therein conducted. The furnace employed is 
the construction of a local engineer, and upwards of 160 bodies have 
been subjected to the influence of its heat. 

Thistbrief and desultory account must be brought to a close 
with a few words about Waterville, New York. In the cemetery of 
this villagethas been erected a very pretty little Gothic structure, 
which has been presented to the cemetery company by Mr. William 
Osborne, one of its directors. It is supplied with a furnace and 
retort of the Davis pattern. It has not yet been used for the in- 
cineration of’a human body, but tests of its powers have been made, 
and it is pronounced satisfactory in every respect. The erection 
of this building in a village cemetery, and the formation of crema- 
tion societies among the trades-associations of the country, mark a 
distinct epoch in the history of the subject. They show that the 
seed is taking root in difficult ground, and permit the indulgence 
of the hope that progress will be continuous until this system of 
returning our bodies to the dust of which they are formed will be- 
come the prevailing custom in civilized communities. 


MANSTON CREMATORY, DORSETSHIRE, ENGLAND. 
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THE GREATEST OF ALL FAIR BUILDINGS. 
By Joseph Kendall Freitag, . 
Assistant Engineer World's Columbian Exposition. 


HE departments of Manufactures and Liberal Arts at the 
coming World’s Columbian Exposition should attract the 
attention of the engineering world. Not only will the ex- 

hibits in these groups illustrate the history of engineering from its 
rudest beginnings down to the most modern improvements and in- 
ventions, but the building itself, which is to contain these exhibits, 
will be one of the greatest engineering feats yet recorded in his- 
tory. Paris attracted the attention of all civilized nations by her 
monumental Eiffel tower, and now, not to be outdone by any pre- 
vious exposition, Chicago steps forward with the largest building 
ever erected, as her special contribution to the wonders of the en- 
gineering record of the past and present. 

It is but natural that the exposition should give an im- 
petus to the latent possibilities of architecture and engineering 
and become the foster-parent of such mammoth structures as have 
been seen at the World’s Fairs of London, Munich, Vienna, Phila- 
delphia and Paris ; for the housing of such collective exhibits as are 
brought forward at national displays necessitates the covering of 
immense areas, both to suit the classification of the displays and to 
provide for the public convenience. London in 1851 exhibited a 
Crystal Palace which was 1851 feet long and 450 feet wide, contain- 
ing 900,000 square feet of glass. The main, oval-shaped building 
at Paris in 1867 covered eleven acres, while at Vienna, in 1873, 
Machinery Hall had an area of nearly ten acres. The Main Build- 
ing at Philadelphia was the largest structure ever built up to its 
day for exhibition purposes, covering only a trifle less than twenty 
acres of ground, and this was followed by the smaller, though more 
remarkable, Machinery Hall at the Paris Exposition of 1889, cover- 
ing about thirteen acres by means of the largest arch or roof truss 
that had been constructed up to that time. Now, the World’s 
Columbian Exposition, to maintain the progression instituted by 
previous exhibitions, provides a building so vastly beyond all pre- 
ceding efforts, and of such engineering skill, that its proper de- 
scription might easily be made to fill a volume. 
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The classification of the exhibits for the fair at Chicago falls into 
twelve groups: Agriculture, Horticulture, Live-Stock, Fisheries, 
Mines and Mining, Machinery, Transportation, Electricity, Fine 
Arts, Archeology, Manufactures, and Liberal Arts. Each of these 
groups is presented in a special building, with the exception of the 
last three, which are combined in the Manufactures and Liberal Arts 
Building. It is thus that we have need of such a gigantic structure, 
for in it are housed the subjects of Archeology, Ethnology and 
the Liberal Arts, comprising music, science and literature, besides 
all the products of leading industries not included within any of the 
other nine groups. ‘This building occupies a most conspicuous 
position in the arrangement of the exposition grounds, lying as it 
does so near the waters of Lake Michigan, and separated from the 
gently-sloping stone beach, of over a mile’s length, by only a broad 
avenue or promenade, along which are scattered booths and tea- 
houses of the various nations, intermingled with music-stands and 
floral displays. It is in the Corinthian style of architecture and 
severely classical in design. Its form is rectangular, 1687 feet long 
and 787 feet broad, covering a floor space of thirty-and-a-half acres. 
Its length is but a few feet short of one-third of amile, while a walk 
around the building measures only 300 feet less than one mile. In- 
cluding the floor space of the galleries, a total floor area of about 
forty acres is found in this building. 

The structure consists of a central hall 1280 feet long and 380 
feet broad, spanned by the largest steel arches ever built, rising to 
a height of 211 feet above the floor. On either side of this hall 
extends a gallery forty-six feet wide, then a continuous nave of 107 
feet 9 inches span, and then an outside gallery of fifty feet. 
Projecting from these galleries are thirty-two bridges, fifty feet 
wide, crossing the nave, from which the visitor may view the sea of 
exhibits beneath him. The galleries are approached by thirty great 
staircases each twelve feet wide. The central hall has an area of 
eleven acres with not a single supporting pillar to interrupt this 
vast expanse. It is calculated that under this roof could be placed 
the Auditorium with its tower complete, and that six such buildings 
could be placed lengthwise in this inner hall of the Manufactures 
Building. Here, during the dedicatory ceremonies in October, seats 
will be furnished to 75,000 people for the exercises proper, and, on 
another day of the week of festivities, this vast expanse will serve 
as a ball-room for such a gathering as has probably never been seen 
before. 
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“ Columbia avenue,” fifty feet wide, traverses the entire length 
of the hall and at its center is crossed at right angles by a street 
of equal width. Ornamental poles bearing electric lights will serve 
to light the various aisles and avenues in the building (as the ex- 
position will be open to the public every evening), while iarge clus- 
ters of lights will be suspended from the roof arches to illuminate 
the whole interior. Some 20,000 electric lights will be used in this 
structure alone. Passing down “Columbia avenue” through one 
of the entrance portals and viewing the building from the outside, 
one will see a continuous series of huge arched windows, running 
along the four facades The lower portion of these windows, be- 
tween the level of the ground and the gallery floor, is left entirely 
open, thus forming a cool, open loggia or promenade directly under 
the gallery floor, where the crowds can enjoy at once the view and 
the breezes of the lake and where nineteen large cafés supplied 
by hotel kitchens will administer to their wants. In the center 
of each facade is a huge main entrance in the design of a 
triumphal arch, the central archway of each being forty feet wide 
and eighty feet high. ‘These portals will be surmounted by huge 
sculptured eagles eighteen feet in height, and above the side arches 
will be great panels with inscriptions and sculptured figures in bas- 
relief. The corners of the building are in the form of large 
pavilions with arched entrance ways, designed in harmony with the 
main entrances. Beautiful frescoes will adorn these lofty passage- 
ways. 

The exterior of this building, like all the rest, is to be covered 
with “ staff,” in highly ornamental designs. “Staff” is a French 
invention, though it has come into extensive use in all the principal 
cities of Europe. It was employed largely at the Paris expo- 
sitions of 1878 and 1889, though not to the extent to which it is used 
in our own exposition, It is composed of plaster mixed with New 
Zealand hemp cut in lengths of about six inches, to give the plaster 
body and make it fibrous. The desired ornamental work, be it a 
cornice, frieze, bracket, pediment or statue, is first modeled in clay 
by expert modelers. When the clay is hard, a pliable rubber-like 
mold is made from the clay model by means of liquid gelatine 
which hardens quickly. This mold can then be filled with the plas- 
ter and water, packed in with the hemp fiber, as often as that par- 
ticular ornament is to be duplicated in the design. The plaster 
hardens in about fifteen minutes, when it can be taken out to 
dry thoroughly and the process repeated. These slabs, or orna- 
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mental pieces, are then nailed to the wooden furring of the building, 
the joints pointed up, and the whole givena coat of some external 
wash to produce the desired effect. The casts are of a milky white 
color, about one inch in thickness, and can be madeto represent 
marble, cut stone, rock face or carving. Staff is both water-proof 
and fire-proof, and, if properly cared for, will last the average age 
of a house. An accompanying engraving represents a piece of 
ornamental staff-work inverted, which is to be placed between two 
of the window arches of the Manufactures Building. 


« 


BUILDING AN ARCH, MANUFACTURES BUILDING, 


The roof trusses of this building are the largest ever built. 
They span 380 feet over all, rising to a height of 211 feet at the 
apex, the ventilating lantern bringing the height up to 225 feet ; 
their width is fourteen feet at the base, thirty feet at the hip and 
ten feet at the apex. There are twenty-six trusses in all, each 
weighing 430,000 pounds, purlins included. They contain 1600 
more tons of material than the Brooklyn bridge and 400 tons more 
than the Eads St. Louis bridge. More than eleven acres of sky- 
light will be supported by them, or some sixty carloads of skylight 
glass. 
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There enters into the construction of this great work about 
17,000,000 feet of lumber and 14,500,000 pounds of structural steel. 
The lumber represents the product of rrooacres of average Michigan 
pine-lands. The foundations, not including the piles, require 4,600,- 
000 feet of lumber and 3,000,000 feet, or more than 200 carloads, of 
lumber are used in the floor. It requires five carloads of nails to lay 
the floor alone. This floor will seat about 200,000 persons, giving 
each one more than six square feet of space, and, including the gal- 
leries, the building will seat 300,000 people, or the entire population 


FOOT OF AN ARCH, MANUFACTURES BUILDING, 


of Cincinnati. The standing army of Germany could be massed in- 
side the walls, or, to compare it with our favorite American sport, 
six games of outdoor baseball could easily be played in it at one and 
the same time. The building is three times the area of St. Peter's 
Cathedral at Rome or four times the area of the ancient Colosseum. 
The cost of the structure will be $1,500,000. Its architect is George 
B. Post, of New York. 

A word may be added, in conclusion, as to the nature of the ex- 
hibits in this building. The classification of the department of 
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DETAIL IN ** STAFF,” FOR MANUFACTURES BUILDINGes 


Manufactures falls into thirty-eight large groups, which are sub- 
divided into more than 200 classes, including products of all the 
leading industries and latest inventions. The department of Lib- 
- eral Arts in the south end of the building will fully present the ad- 
vancement and present state of education and learning in all its 
branches—science, literature, music, religion, with all included 
therein. Archeology and Ethnology are for the first time to form 
a separate exhibit. The educational department will cover twelve 
acres, which is three times as much room as has ever been allotted 
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to it in previous expositions, so that the intellectual side of life 
will not be lost sight of amid the more absorbing practical displays. 
The department of Archeology and Ethnology will form one of the 
most interesting features of the entire Exposition. Here will be 
shown all possible traces of prehistoric man in America and the 
mode of life of the people whom Columbus found at the time of 
his discovery. Some of the phases of prehistoric existence will be 
shown by pictorial representations, others by skeletons of men and 
extinct animals, and still others by casts of all types of men in life- 
color and native costumes, together with a collection of the handi- 
work and arts of those primitive times, especially types of their 
architecture and ship-building. Much of this exhibit is to be ob- 
tained by new explorations, much from private museums. The 
whole department will be a most complete representation of the 
progressive stages of learning and civilization ever attempted, and 
will do justice to American research and advancement. 
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ENGINEERING OFF CAPE HATTERAS. 
By Captain J. W. Walters. 


been the bugbear of the mariner. Its very name has be- 

come a synonym for storms and wrecks. Fogs and the 
uncertain currents have carried many a brave man and noble craft 
to destruction upon the shoals surrounding the Cape. The Gulf 
stream with its fog-laden atmosphere sweeps by it in close proximity, 
forcing the navigator bound for a southern port to skirt the coast- 
line to avoid this current. But the demands of commerce are im- 
perative, compelling the shipmaster to brave fogs and storms to 
make his port. Our Government has supplied without stint all the 
aids to navigation which it has been possible to devise, to guide and 
help those who follow this arduous vocation. But all appliances 
which so far have been placed in the vicinity of Cape Hatteras have 
proved inadequate to warn the navigator in time of danger. 

Congress was petitioned recently, and with success, for an ap- 
propriation for the erection of a lighthouse on the eastern extrem- 
ity of the shoals off the Cape. Proposals for the building were re- 
quested from responsible parties, the United States Lighthouse 
Board, having this matter in charge, only specifying the require- 
ments and conditions necessary to the service, leaving the bidders 
to formulate their own designs. The contract was awarded to a 
reputable firm of constructing engineers, who at once began opera- 
tions in the port of Norfolk by the construction of a caisson for the 
base of their design. Their labors were in vain. This caisson, con- 
structed with diligence and care at an expense of thousands of dol- 
lars, was towed to the site of the proposed lighthouse and sunk, 
but one night of the ocean’s fury overwhelmed and destroyed to 
the last vestige what had taken months of patient labor to con- 
struct. 

History relates that a draper of London named Redyard de- 
signed and superintended the second lighthouse built on Eddy- 
stone. The principal material of this structure was wood, but it 
was planned so firmly that it withstood the gales and storms of this 
exposed rock for forty-six years, when it was destroyed by fire. 
Smeaton subsequently erected there the glory of his career. Here 


“ROM the first settlement of this country Cap: Hatteras has 
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is an instance of a dry-goods salesman showing the world how to 
build successfully a lighthouse upon one of the most exposed posi- 
tions on any coast. Should the old saw, ‘Experience gained by 
failure,” be repeated now in our case? No doubt this draper, Mr. 
Redyard, was a genius, but we do not necessarily require a genius 
for this sort of work. It is enough if he be one who will study 
diligently the natural conditions pertaining to the work in hand 
and make use of suitable means to accomplish any desired end. 

We should think poorly of an engineer who would plan a foun- 
dation without a full knowledge of the material upon which or in 
which it was intended to rest. This knowledge is even more nec- 
essary in submarine construction than on land. One must study 
the currents and their action upon the bottom with varying condi- 
tions. The elements surrounding their locality and their action 
upon the proposed structure must be ascertained from a practical 
standpoint before one can draw deductions and formulate plans 
leading to a successful issue. Every case requires its own peculiar 
treatment in detail, but the experience of others on similar works 
will assist us in formulating a general plan of operation. 

The conditions surrounding the locality off Cape Hatteras are 
these : It is the extreme eastern point of asand shoal gradually deep- 
ening towards the Atlantic with about twenty-four feet of depth on 
the site selected. This lies about seven miles southeast from Cape 
Hatteras and is fully exposed to the ocean swell. The currentsare 
changing constantly, their predominating direction and longest du- 
ration of flow being nearly north-northeast and south-southwest. 
The strength of these currents varies with the direction of the 
wind, the strength of the Gulf-stream current and its proximity, 
and also the tide-changes off this coast. No positive assurance 
can be placed upon their flow in any one direction for any length 
of time, by the best pilots of this locality. The sands on the shoal, 
like all sands on this sea-board, are changing their locality and 
depths within certain limits, caused by local obstructions and the 
currents and storms. A wreck often will change the conforma- 
tion and depth of a shoal for a mile or more about it. The mak- 
ing of a sand island and its disappearance again are matters of 
frequent occurrence along this coast. 

It is in a locality surrounded by these dangers that it is proposed 
to rear a shaft or column 150 feet high, inhabited by human beings, 
crowned with a light to guide the mariner at night, and fitted with 
a steam fog-signal which will blow its note of warning. All this 


: 
3 
| 
| 
— 
4 
‘ 
ye 
i 
} 
— 
4 
ig 
ia 
4 
— 
4 
ia 
4 


514 ENGINEERING OFF CAPE HATTERAS. 


can be done in a manner that will be as safe and as permanent as 
anything made by man can be considered permanent. But to do 
this the ocean must be humored so that it will assist in the work. 
The locality and conditions demand that a hold be obtained 
upon the site in the b-iefest possible period of time. A day, a 
week or a month are bit seconds as intervals of time in the ocean’s 
fury. One of our best known sea-captains proposed sinking old 
hulls loaded with ballast upon the site; but these would soon be 
broken up and scattered, their contents disappearing in the sands, 
leaving usin the same plight as before. Thousands of tons of 
stone dumped together promiscuously would disappear in the same 
manner, leaving hardly an elevation of a few feet to mark their 
deposit. One of the conditions demanded of the successful bid- 
der is that the foundation must be solid and massive, that its base 
must be sunk to a stratum underlying the surface of the shoal, 
which offers sufficient resistance to the weight of the structure. 
Should this stratum consist of material which can be scoured or 
displaced by the sea, it must be deep enough below the latter to 
be out of all possible reach of the destructive action of the water. 
This requirement certainly will give an assurance of permanency 
to the structure. But to obtain such a foundation we must sink a 
caisson, and every attempt of this kind in an open seaway would 
be futile, as was demonstrated by the previously mentioned effort. 
Our first effort therefore is the erection of protecting works. 
Research develops no precedent for this case, but there are 
many experiences similar enough in their salient points to supply 
deductions applicable to it. The old saying “The Dutch have 
captured Holland” is certainly true in the sense that it has been a 
war with the ocean for centuries, which is being waged still and 
manfully maintained. And what has been their weapon and armor? 
Not stone walls and iron breastworks, but brush—the simple, pliant 
willow-brush—growing in abundance where nature most demands 
it, in moist and sandy soils. This same abundant material has 
formed the groundwork upon which many of those noble piers 
and moles of Europe’s seaports have been built. It is with a 
. fabric of willow that we can lay a lasting foundation in these 
sands off Cape Hatteras, and induce the opposing elements to 
assist us to fortify the site against their own attacks. 
Willow-bushes for this purpose are compressed into long bun- 
dles called fascines. Mattrasses constructed with these fascines 
were used by Captain Eads in the construction of his jetties at the 
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South Pass of the Mississippi. He used them successfully to in- 


duce scouring in the channel by the river current, and in the pres- 
. ent case they can be used with equal success to induce silting ‘ 
) and thus create an island. The willow by nature is elastic and 
possesses beyond any other brush-wood the quality of continuing ' 
} its growth by transplantation. Even when submerged, as in a 


fascine-structure, it will throw out fibers in all directions, and thus 
quickly form a self-sustaining living mass of vegetation. The in- 
terstices of the fabric induce silting of the sand or mud with which 


FIG, I—VERTICAL CAISSON ON LOOSE GROUND, ig 


the water is loaded and accumulates this material within and Al 
around its body with the greatest rapidity. The greater the agita- i 
tion of the water, the more rapid is this accumulation ; and in this : 
, manner it soon becomes a fixture capable of supporting enormous _ 
masses of heavier material. ee 

Before proceeding to a design of a fabric for our purpose let 
us study more fully the conditions. We have varying currents 
whose maximum strength is estimated at four knots per hour at 


FIG, CAISSON ON LOOSE GROUND. 

times. What should be the shape of a structure to withstand this 
current and its action upon the ground? Figure 1 will illustrate a 
vertical caisson after being sunk on a sandy surface. The cur- 
rent impinges upon its vertical sides with great force, seeking a 
path around the obstacle. The impact creates a disturbance of 
its even flow, when the dense masses near the bottom at once begin 
the scouring process at the base of the structure in their endeavor 
to pass beneath the obstacle. A cavity is quickly formed, which 
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rapidly increases until the equilibrium of the structure is destroyed 
and it collapses. Figure 2 represents a conical caisson resting on 
the same ground. In this case the impact of the water is mini- 
mized. Its sloping side deflects the current upwards and away from 
the ground material, thus neutralizing the tendency to scour. In 
fact the eddy behind the structure will silt the material upon the base, 
which formation eventually will extend around the whole structure. 
This application is comprehensive in its conformity with natural 
laws, and is found in all noteworthy submarine constructions. 
Smeaton founded the Eddystone lighthouse in imitation of the 
trunk of an oak, 
its base in the 
same manner 
sloping upward. 
Our design 
therefore 
_ should conform 
\\ to this shape. 

\ The next 
., condition 
quiring our 
consideration is 
the exposure 
to the heavy 
ocean swell. A 
rigid, solid ma- 
terial would be 
easily destroy- 
ed by the action 
of the swell 


FIG, 3—CIRCULAR BREAKWATER. 

[Consisting of 15 fagons chained to each other. The circle within shows the before ; there 
position of the Lighthouse.) would be time 
to support and hold it in its position, but an elastic and porous fabric 
will withstand similar attacks for a much greater length of time. 
Nature teaches us in this respect a valuablelesson. All submarine 
plants are filmy or porous and bend to the waves to save their 
existence. Therefore, a structure possessing those qualifications 
will outlast more substantial materials until we have obtained a 

foothold against the attacks of the sea. 
In the execution of any design for this work we certainly have 
the advantage of our forefathers in calling steam power to our aid, 
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and accomplishing what would be next to impossible without its 
use. It enables us to transport a great mass of material regardless 
of wind and tide, and so expedite the work, which is of the utmost 
importance. Figures 3 to 7 are designed to illustrate the fore- 
going deductions and demonstrate more clearly the practicability 
of the application of willow fascines for this work. Figure 3 shows 
the outlines of a circular breakwater with an opening at the least 
exposed side. Figure 4 illustrates the same style of structure ex- 
cept that one end is drawn spirally within the other, with sufficient 
breadth between the ends to permit the passage of a vessel. The 
extreme diame- 
ter of either of 
these structures 
at the base-line 
would be about 
600 feet. Each 
is composed of 
fifteen sections 
or separate 
structures, built 
up of willow 
fascines of 
which Figure 5 
isaplan. Fig- 
ure 6 is a cross 
section in ele- 
vation, and Fig- 
ure 7, a part of 
a_ longitudinal 
section in ele- 
vation. These 
FIG. 4—SPIRAL BREAKWATER. are sufficient to 
(Showing the number of each Fa§on.]} t h e p resent 
purpose of illustrating a construction which can be sunk on the 
site and fully ballasted in from eight to ten days from the time 
of leaving port. In order to do this we need no particularly 
skilled labor. Our maritime and seafaring population can furnish 
a class of laborers that will understand fully all the require- 
ments. 
There are three particular shapes or fabrics constructed with 
fascines for submarine work. One is the plain mattrass, Figure 8, 
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as used in river-works where the current is in one direction. Then 
comes the cone-top mattrass, Figure 9, for tideways and coast- 
works, which forms a substantial backing for rip-rap. Last is the 
Jagon or box-shape of which Figures 5 to 7 give a general idea, 
and which are more applicable in the deeper waters of the coast 
and tide-ways.* It is of the latter shape that we must avail our- 
selves in this case. Although more expensive to construct it is the 
most economical in ballast, which is thrown into the cavities of the 
structure and there held against the action of the waves. It is 
applicable especially in quicksands and places subject to varying 
currents, and we have only temporarily to guard against the break- 
ing away of parts of the structure before silting is completed to 


r 


i 
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FIG, 5—-PLAN OF FACON SHOWING THE MANNER OF CHAIN-TIES AS THEY APPEAR ON THE OUTSIDE, 


insure permanency to the work. I have therefore adopted a series 
of chain-ties to bind the fascines in addition to the regular fasten- 
ing by pegs as ordinarily used. Figures 6 and 7 give a fair illus- 
tration of this application of chains and anchors. The number of 
these can be increased to suit the emergency. They will give 
flexibility to the structure and still hold its parts, sufficiently long 
for our needs, from breaking away in a seaway. The silting sand 
will accumulate with the greatest rapidity and soon make it self- 
sustaining. 

These fagons can be built afloat, or ashore on ways similar to 


* A certain latitude in the modification of these designs can be exercised by engineers to 
suit the requirements of the conditions surrounding the site of the works to be constructed. 
The design of the fagon illustrated here conforms arbitrarily to the present requirements. 


» 
q 
: 
‘ 


ENGINEERING OFF CAPE HATTERAS. 519 


shipways and launched in the same manner. I consider the latter 
the cheapest and most reliable mode of construction. When all 
the sections are completed and afloat, they should be ballasted 
sufficiently to bring them to the lowest line of flotation permissible 
with the depth of water in the harbor where constructed. They 
are then connected one with another in the rotation of position 
they are to occupy in 
the completed struc- 
ture, as in Figures 3 or 
4, when they are then 
ready to be towed to 
their destination. I 
estimate that it will re- 
quire 40,000 tons of 
stone ballast to sink 
and load this structure 
to eight feet above low water. About 8000 tons of this will be re- 
quired to ballast the sections in harbor, leaving the remainder to be 
transported by barges to the site. These should be in readiness at 
the port of departure to be towed out to the structure as demanded. 

So far all the work has been in a safe harbor or ashore. We 
now await the right time, when westerly winds prevail, which 
is usual in the spring, 
when we prepare the 
site for the reception 
of the structure. This 
will necessitate the 
mooring of a series of 
anchors encircling the 
site, the chains trailing 
towards the center 
with suitable buoys to 
mark and assist in 
picking them up. The FIG. 7—PART OF a IN ELEVATION OF 
anchors belonging to [Showing manner of connecting chain-ties to each other.} 
the two end sections are not planted, but have been suspended to 
their respective sections, ready to be dropped when necessary. 
These naturally will come on the western side as the least exposed, 
and it is through this gap in the moorings that the tow will approach 
the site. We are now ready for operations at sea. 

When the right moment has come six ocean tugs will be well 


FIGs 6—CROSS-SECTION IN ELEVATION OF FACON. 


{Showing the manner in which the chain-ties intersect the structure 
and hold of mushroom anchors.} 
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able to tow this structure by attaching their hawsers to sections 7, 
8 and g—the three middle sections--the others trailing astern in 
two lines. Simultaneously we tow a sufficient number of barges, 
holding about 15,000 tons of ballast, with other tugs to the site 
where they are anchored. The tow approaches the site from the 
westward where the end sections are to be moored, and when within 
mM the circle of 
KEE moorings the 
tugs will 
spread the 
structure to 
its required 
shape and as- 
sist in picking 
up the moor- 
FIG, 8—MATTRASS, ings. The an- 
chors on the end sections can then be dropped and the ends towed 
towards one another. Before these ends are closed, a number of 
barges have been moored within the circle of the structure and 
begun the discharge of the ballast. The end sections when closely 
enough advanced toward each other are connected and held there 
by hawsers, and barges moored to them at once which will sink them 
quickly and 
free the haw- 
sers across the 
passage for a 
clear entrance 
to the circle 
within the LY 
structure. LAL 
Tugs can then oe 


take out the Ay 
unloaded 


OO 

barges and re- 

place them FIG. 9—CONE-TOP MATTRASS, 

with others as they are required. As this ballast can be of such 
"a size as to be handled by hand, it will depend entirely upon the 
number of men employed to determine the length of time required 
for its discharge. It is safe to say that facilities and men enough 
can be furnished to advantage to discharge 1ooo tons per day out 
of each barge. 


‘ 
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So much for the procedure. The effect obtained is this: Esti- a 
mating with due allowance for contingencies, which I am very 
much overestimating, the tow will occupy eighteen hours from 
port to site, and ten hours for mooring, during five hours of which q 
six barges have been ballasting the structure. We moor.one barge ‘ 
additional to each end section, which makes eight barges ballasting i 
the structure the first twenty-four hours. Each section will re- 
quire 500 tons of ballast more than it received in port to sink it q 
securely tothe bottom. This is 7500 tons which these eight barges 
can discharge readily during 
the first twenty-four hours with 4 
the additional five hours during 
process of mooring. We then 
have secured during fifty-two 7 
hours from port a quiet and : 
safe basin, wherein the barges 
can continue their work unin- 


terrupted even in the face of a 
4 
4 

A LOWER COURSE OF STONE, 

howi f dove-tail d joggles by which 
gale of wind. But 25,000 tons 


of ballast yet remain to be dis- 7 
charged. With five barges d 
working continuously this can 
easily be accomplished in five 
or six days more, when our f 
work is completed and a haven 
WY of complete safety is secured, 
SMEATON’S EDDYSTONE LIGHTHOUSE. wherein the construction of q 
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this light-tower can proceed with impunity, making an ordinary 
engineering enterprise out of what appeared an impossibility. 

Let us now inquire into the contingencies of failure. The most 
critical time during this operation is during the process of mooring 
and the first two da;’s of ballasting. A moderate sea-swell will not 
interfere with us. It is the easterly gales we would have to fear 
during this time of operation. It is fortunate that we have a prev- 
alence of westerly winds during the spring. Sailors aver that by 
choosing our time of departure we can confidently expect three 
days of continued westerly weather. Let us choose sucha time 
for our departure and proceed. If as the tow approaches the site 
the weather threatens to storm, the signal for return to port is 
given to await another opportunity. Should the storm break out 

before the return 
there will be nothing 

| to fear, as the struc- 
Se ture in the condition 

{ of a tow will outlast 

= any craft afloat, and 

will fare far better 
than many such tows 
of barges along this 


SWINEMUNDE LIGHTHOUSE AND MOLE, BALTIC CoasT or GERMANY. COAST. Or should we 
{This lighthouse is built on sandy bottom in 23 feet of water, 144 miles from have our mooring 


shore. It is exposed to the full force of northerly gales sweeping across 
the Baltic. In winter icepacks will pile against its base with terrific force, 


often overlappling the mole, Its foundations are bedded upon fasons.) COMpleted when the 
weather should begin to storm, we will have a number of barges within 
the circle continuing and concentrating their efforts upon the weather 
sections of the structure. The remaining barges have been anchored 
to leeward of the structure and also can have hawsers attached to 
it. The tugs in the meanwhile have their hawsers fastened to the 
weather sections and are steaming ahead with sufficient energy to 
hold the structure to its moorings during the continuance of the 
gale. These are operations not at all difficult or risky ; but on the 
contrary far less dangerous than many feats this class of men 
are called upon to perform during each year. In this description I 
have endeavored to show to practical minds the feasibility of the 
enterprise. Old pilots of this section have assured me that during 
the prevalence of westerly winds this part of the sea is sufficiently 
smooth for weeks to conduct these operations with perfect safety. 
And we only need three days of passable fair weather to insure 
success. 


THE GOLD-FIELDS OF SOUTH AFRICA—II.* 
By Gustave Hallé, Asso. Mem, Inst. C. EB. + 


HE eastern Transvaal gold-fields may be described roughly 
as a Semi-mountainous tract, some ninety miles north and 
south, by fifty miles east and west, fairly equally disposed 

around its chief mining camp, Barberton, a town lying about 25° 
46'S. by 30° 6’ E. The average altitude of the district may be 
taken as 3000 feet above the level of the sea, and the height of 
the highest of the innumerable ranges by which it is traversed as 
not exceeding 2500 feet more. It lies at the foot of the great 
central plateau of South Africa, known as the high veldt, and 
consists roughly of a large oval plain, known as the de Kaap valley, 
and the broken and irregular masses of hills surrounding it on 
three sides. ‘This plain is a treeless expanse, some eighteen miles 
by thirty-five in extent, bounded on the west by the broken fringe 
of the high veldt known as the Drakensberg, on the flat tops of 
whose highest summit lies the alluvial district commonly called the 
Duivel’s Kantoor; onthe south and east by the ranges of hills known 
as Moodie’s, the Sheba, etc., extending south, as the Komati and 
Swaziland gold-fields; and on the north by irregular masses of 
somewhat lower hills known as the Jamestown and North de Kaap 
districts. 

The Kantoor, a flat barren region some 5800 feet above sea- 
level, divided from the high veldt by the valley of the Eland’s 
river, rises precipitously above the de Kaap valley and is reached 
from it by roads which for dangerous grades and general badness 
should boast few equals. This arid waste is dotted over for the 
greater part by heaps of enormous circular stones, apparently 
piled on one another often to a height of forty feet, frequently as 
much as thirty feet in diameter. The peculiar appearance of these 
stones, combined with the undoubted fact that gold, liberated by 
the disintegration of the friable sandstone of which they are com- 
posed, had frequently been picked from their interstices by travel- 
ing Boers and transport riders, earned them long ago the name 
of the Devil’s counters and the whole region that of the Duivel’s 


*The first article of this series appeared in Tue Excingeerinc Macazing, Vol. II., No. 
( February, 1892 ). 
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Kantoor, or Devil’s counting-house. Except during the rainy 
season, from December to April, this region is a waterless wilder- 
ness. The huge depression, the de Kaap valley, lying at its foot, 
on the eastern edge of which the town of Barberton is located, is 
entirely floored with granite and traversed by innumerable deep 
water-courses. ‘The immense masses of water pouring over the 
edge of the high veldt every flood have cut up the apron, at the 
foot of the Drakensberg, into the most marvelous labyrinths of 
precipitously-sided gullies, often from 100 to 200 feet in depth, 
and, from their narrowness, more worthy the name of chasms. 

To the early Dutch hunter, skirting along above the valley of 
Death, as this vast circular plain was grimly called, this great net- 
work of mist-filled depths and waterways seemed to resemble 
nothing so much as some mysterious city. Cape Town, de Kaap 
(the cape), being the synonym with him for the biggest thing in 
this line on the known earth, the valley received the alternate 
name of the de Kaap valley—the valley of the great city. Under 
cultivation and grazing, and perhaps the consequent destruction 
of rank grass and weeds, the evil reputation of this valley has en- 
tirely faded away; the Barberton district is certainly Semi- 
tropical, and very different to the high veldt in climate, but 
it is by no means unhealthier than other localities of similar lati- 
tude and altitude. 

The auriferous ranges to the north, south and east, constituting 
the real gold regions of the district, are singularly lovely in ap- 
pearance. The district seems at first view fraught with every ad- 
vantage that could be desired for a flourishing community. The 
climateis magnificent, and not unbearably hot. The de Kaap valley 
water-courses converge into two or three considerable streams, 
uniting at a point about opposite to the Kantoor and flowing, under 
the name of the Lampoguano, down between the Sheba and James- 
town ranges, to join the Krokodile river on the Lebombo flats, and 
the various auriferous ranges contain innumerable smaller streams. 
These are, however, owing to the general steepness of the hills, 
little more than mountain torrents, almost dry for the greater part 
of the year, and of limited value for mining purposes. The limita- 
tion of water power to the larger streams, combined with the 
abruptness of the hill formations, and consequent difficulty of 
transport, have been the chief causes of the disparity between the 
excitement prevalent at the first discovery of the richness of these 
fields, and the slowness of thei: later development. 
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Geologically, the formation of the Kantoor belongs to that of 
the flat-lying beds of the high veldt, and consists of white friable 
sandstones, assuming fantastic shapes in weathering. These 
sandstones in disintegrating have liberated nuggets, although the 
beds themselves cannot be economically worked in mass. These 
beds overlie others of quartz conglomerate similar to those of the 
Randt, and these in their turn rest directly on the de Kaap granite. 
These conglomerates are auriferous, and it is believed payably so. 
These sandstones and conglomerate beds are broken through by 
greenstone dykes, which here also occur as intrusive sheets, em- 
anating from the parent mass. A large number of small fissures 
of no great extent have been formed in these dykes, presumably 
by contraction on cooling ; and these have been filled subsequently 
with vein quartz, containing comparatively a large quantity 
of gold. These feldspathic rocks are at present all decayed to con- 
siderable depths, and this quartz now exists only as fragments 
that have been washed and distributed over the surface by atmos- 
pheric agencies. As a consequence its contained gold has been 
liberated and is now found as so-called alluvial. Only a small 
proportion has found its way into the creeks, and, as was to be ex- 
pected, it is found in practice that all the nuggets are at or near 
the surface, as they are of insufficient weight to penetrate to any 
depth in the clay material resulting from the decomposition of the 
eruptive rocks. It is further to be noted that all this gold is, as 
at Lydenburg, crystalline, and therefore at once distinguishable 
from water-worn alluvial. The granite of the northern portion of 
the de Kaap valley is also cut by a number of gash-veins of slight 
depth, containing often a large percentage of gold and presumably 
to be found payable on washing out in mass. Except for a mod- 
erate quantity discovered in the creeks among the Jamestown 
hills, no true alluvial has been found anywhere throughout the 
de Kaap valley. 

The north, east and south sides of this large granite area are 
flanked by tilted shales, sandstones, quartzites and conglomerates, 
(the latter on the south only) which in all cases dip away from the 
central mass, and have a strike, roughly speaking, tangential to it. 
These rocks extend to the eastward for a considerable cistance, 
and to the west either disappear entirely or are overlaid uncon- 
formably by the flat-lying rocks of the high veldt. To the south, 
they extend to the northern part of Swaziland. The average dip 
of these shaly rocks, which, however, are in part schists, may be 
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taken at about 80°, and it is among them that the auriferous 
deposits of these eastern gold-fields lie. These rocks are broken 
through throughout this district by greenstone dykes which, though 
generally following the strikes of the beds, sometimes break 
through them at every angle ; and it is a fact that gold is always 
found associated, in some as yet scarcely understood manner, with 
these dykes. 

The auriferous deposits found among these rocks may be 
divided roughly into three classes. First are segregated veins 
which follow both the dip and strike of the enclosing strata. 
These are composed generally of dark blue, occasionally of white, 
amorphous quartz, in which the gold occurs toa great extent free, 
or native; though below water-level pyrite is found, which gener 
ally assays from $100 to $200 per ton. These veins are essentially 
similar to many of those worked profitably in California and Aus- 
tralia. 

These may graduate into class 2, a series of lenticular-shaped 
quartz deposits, following the stratification of the enclosing rocks. 
These bodies follow one another at short, irregular intervals, within 
a certain narrow belt. They seem, so far as known, more persist- 
ént in depth than in length, and are often rich, several instances 
being, at this moment, and under disadvantageous circumstances, 
profitably mined. Class 3 are the so-called “bar’* deposits. 
These “bars” are now quartzites, though once presumably beds 
of sandstone, since altered. They are very persistent, and often 
traceable for miles. They are also, to a certain extent, pyritiferous. 
The gold in them may occur in chutes (Sheba mine), or it may be 
disseminated regularly for some considerable distance, though in 
this latter. case, although chutes are not found, the gold is richer 
in some parts than in others. These quartzite “ bars” are gener- 
ally associated with diorite dykes, and are in places fissured and 
fractured by them. These fissures have subsequently been filled 
with a different variety of quartz often richly auriferous and occa- 
sionally barely distinguishable from that of the bar itself. Instead 
of quartz, these fissures are sometimes filled with a deposit of iron 
oxides. All the ferruginous deposits contain gold, and very fre- 
quently assay sufficiently well to be commercially valuable. How- 
ever, their free-gold contents are generally small, and since plate 
amalgamation is the only method adopted here, they have in no 
instance been successfully exploited. 


*** Bar ’’—any persistent, well-defined outcrop of any rocks except a quartz reef. 
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There are other ways in which gold is found in this district. 
In the shaly rocks are often found similar deposits of inconsidera- 
ble width, principally made up of iron oxides, often extremely 
rich in gold. These are, however, of too minute dimensions to be 
worked profitably. They are known locally, from their color, as 
“burnt leaders,” though of course deposited from aqueous solu- 
tions. In the quartzite beds also extremely rich “ pockets” of 
gold, with the most irregular outlines, have been found. 

On the whole the eastern Transvaal gold-fields constitute a 
district of vast capabilities, which will compare favorably with the 
Californian and Australian gold regions. The physical difficulties 
are considerable, but not extraordinary as compared with the other 
regions mentioned. The exceptional richness and unheard-of 
facilities of the Witwatersrand district have temporarily drawn the 
chief attention of the mining public away from these eastern fields, 
but they are indubitably so rich that on the completion of the rail- 
way system, now under construction, the by no means inconsidera- 
ble industry now in existence will again receive the impetus still 
necessary to its due expansion. 

The history of the initiation of the mining industry in this dis- 
trict may be briefly stated. From the year 1875, when the Lyden- 
burg alluvial miners were turned off their claims in favor of the 
handful of concessionaires among whom the Boer government had 
divided the district, until 1882, the development of South African 
mining had taken no further strides. The Sikukuni war, the an- 
nexation of the Transvaal by the British, the subsequent Boer war 
and reéstablishment of the Transvaal republic had kept the whole 
country too much disturbed to allow of any great and general in- 
dustrial movement. Nevertheless the mining industries of South 
Africa elsewhere, the diamond mines of Kimberley and the Orange 
Free State, the copper of Namaqualand, and even a lead-mining 
venture at Marico in the Transvaal, and, to a lesser extent, the 
gold companies founded at Lydenburg, continued to hold their 
own. The more or less steady returns of these industries, the 
magnificence of the success of the diamond-fields more especially, 
sufficed to encourage a few enthusiastic prospectors to pursue their 
researches farther afield, and yeoman service was rendered during 
this period by a small handful of men in preparing the way for 
the next great movement in approaching quieter times. The 
Swaziland gold-belt was located in 1880, and concessions obtained 
from King Kubandine by M’Lachlan, Pigg, Forbes, Carter, Charlie 
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the Reefer, and others over tracts of ground which have since 
attracted considerable attention under the well-known names of 
Forbes’s concession, Pigg’s peak, the Havelock, etc. About the 
same date the existence of payable “alluvial” at the Kantoor was 
established, practically by the same men; and it was during this 
period that the surveyor-general of the Transvaal, Mr. Moodie, 
secured from the Boer government for the sum of $25,000 a block 
of thirteen farms, or about 80,000 acres in all, lying to the south- 
west of the de Kaap valley, to be known later under the name of 
the Moodie gold-fields, as a mining area quite exceptional in the 
richness of its somewhat limited masses of gold-bearing veins. 

With the advent of peace in 1881 the stream of diggers again 
set in, in earnest, towards this eastern portion of the Transvaal. 
By 1882 there were probably some 2000 diggers at the Kantoor, 
and almost as many more at Moodie’s. The history of the Kan- 
toor “alluvial” fields has been very spasmodic and irregular. 
There have probably never been more than 3000 men at work 
there at a time from their discovery to the present day, when there 
may be perhaps 200. The position of the district, on the summit 
of the highest point of the Drakensberg, has limited the period 
during which it is possible to work to the four or five months of 
the rainy season ; for the rest of the year sluicing is almost im- 
possible. 

During the period from 1882 to 1891 perhaps some 30,000 ounces 
worth $600,000 in all may have been won, but, ason all alluvial fields, 
an accurate estimate is naturally impossible. The largest nugget 
known to have been found, the President Kruger, weighed in gross 
238 ounces and contained rro ounces of pure gold. One man is 
known to have found 550 ounces in twelve months, another 225 
ounces in six months, and soon. Then the lower portion of the 
district, Jamestown, and perhaps, for a time, the richest, had to he 
abandoned from unhealthiness. Another portion, Barretts-Berlyn, 
was allotted after the Lydenburg manner to a company and the 
diggers turned off. The majority of the diggers, disheartened at 
the lack of water, left for the more promising district of Moodie’s 
in 1883 and 1884. Still the richness of the Kantoor fields is indis- 
putable. For ten years it has supported, and does still support, a 
body of some hundreds of diggers, and a small township, out of the 
returns of genuine alluvial mining. Were it possible to obtain a 
sufficiency of water the returns of the district would be phenome- 
nal. Barretts-Berlyn has been steadily worked to date, and is now 
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fairly remunerative. The Jamestown district has been the scene 
of various unsavory episodes in the way of company-mongering, in 
which Cabinet ministers from Cape Colony have been concerned. 

Contemporaneously with the discovery of the Kantoor, pros- 
pecting was commenced at Moodie’s, a range of hills thirty-five miles 
southeast of the Kantoor, and by the middle of 1882 some 300 men 
were engaged in alluvial mining and “ reefing”’ over the farms Oer- 
schot, Sassenheim’'and Armide. The chief gold was won by “ dolly- 
ing” the extraordinary number of thin but rich segregated quartz 
veins by which the greater part of the Moodie hills are threaded. By 
the end of 1883"the visible signs of richness established were alone 
amply sufficient to account for the rush that then took place to - 
Moodie’s, and, in the following years, to the neighboring district of 
Barberton. The veins, or “reefs,” in African mining parlance, were 
then to be seen in many instances exposed, to a depth of from . 
twelve to fifteen feet, for considerable distances, waiting to be— 
pulled down on the arrival of machinery, and showing solid walls 
of quartz from which the visible gold could be picked with a pen-— 
knife or the thumb nail. In other parts, nature, as a local digger's 
description had it, seemed to have taken equal parts of gold fiour and - 
sand and baked it toa paste. A well-known miner, “ French Rob,” one - 
of the first to commence erecting the small dollies, with the ruins 
of which, and of the water-wheels that drove them, Moodie’s is still 
well covered, had, by 1883, four dollies at work ; he sometimes 
crushed 54 ounces out of 13 hundredweight of quartz, his average - 
yield per hundredweight being 1} to 2 ounces. There were cer- 
tainly by 1883 two dozen dollies erected on this reef, worked either 
by native labor or water-wheels, crushing about 1 to 1} tons per 
day each ; the yield being over 1} ounces per dolly per day. The 
Pioneer, Tiger Trap, Beehive, Phoenix, Robwinia, Alpine, Rosetta, 
Try, Woodbine, Highland, Abbotts, Golden Hill, etc., all veins 
traceable for considerable distances over the precipitous hillsides 
forming the Moodie valleys, were by 1884 cut up from end to 
end into claims worked by individuals or groups of miners. By 
the middle of this year the population of “ Moodie’s” formed a 
bustling and flourishing community of 3000 to 4000 souls, divided 
into the three camps of lower, middle, and upper Moodie’s and their 
off-shoots. 

So long as it was a question of surface workings all did well. 
Most of these veins have been worked since by companies, and the 
heaviness of their returns is sufficient warrant for the amount of 
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gold that must have been extracted in the earlier years by these 
individual diggers. Almost before the exigencies of deep mining, 
however, could tell upon the primitive methods then in vogue, the 
question of the ownership of the ground, and the right of the diggers 
to be there at all, brought the whole matter to an abrupt and stormy 
close. The original prospectors had invaded Mr. Moodie’s property, 
then a totally uninhabited tract of the remoter Transvaal, with- 
out question as to ownership, and on demand from him, in 1883, of 
payment of a royalty of all gold won, had offered a far smaller per- 
centage than Mr. Moodie felt disposed to be contented with. The 
validity of his title had from the commencement been disputed, on 
grounds long since abandoned. He had, with perhaps more reason, 
been accused of luring prospectors on to his ground by a pub- 
lished announcement of its supposed richness, in 1882, and of hav- 
ing, in 1884, owing to the exaggerated rumors of the finds, raised 
his terms to an extent afterwards confessed to have been excessive. 
The average yield of the reefs found by them was confidently ex- 
pected at the time to exceed sixteen ounces. 

In any case, a digger’s committee had been formed to maintain 
order and superintend interests, and one of their summary methods 
of jurisdiction, “ chucking off the mill,” had been freely held out in 
prospect to Mr. Moodie or his agents, as the probable result of 
interference. Mr. Moodie in 1884 solved the difficulty by dispos- 
ing of the whole of his property toa Natal company, the original 
Moodie’s Gold-Mining Company. Thiscompany, partly by an ap- 
peal for government aid, culminating in the appearance of the 
Transvaal artillery on the scene, and a display of considerable 
unwillingness on either side to come to an actual conflict, and 
partly by judicious concessions, succeeded in establishing their 
rights and in inducing the more successful diggers to remain 
under new conditions and terms. By the end of 1885 most of the 
proved reefs had been floated into subsidiary companies, and though 
the excitement in 1886 over the larger and richer finds at Barber- 
ton, and the still more substantial and important discoveries in 1887 
at Witwatersrand drew the attention of the mining public largely 

away from Moodie’s, it has been and still is a flourishing and pro- 
' ducing area, if of comparatively minor importance. The exagge- 
rated opinions held as to its richness in 1884 may be inferred from 
the fact that the Pioneer company formed that year by Mr. Percy 
Whitehead agreed to pay the Moodie company 50 per cent. of 
all gold found. This, however, was reduced later to 8} per cent., 


| 


| 
| 
| 
| 
| | 
| 


UNITED PIONEER GOLD-MINING COMPANY'S PROPERTY, UPPER MOODIE’S, 


a 


WATER POWER FOR ELECTRICAL MACHINERY, FORBES'S REEF, SOUTH AFRICAN GOLD-FIELDS— 
LOCATING PIPE-WAY,. 


i 


THE GOLD-FIELDS OF SOUTH AFRICA. — 539 


of which the Moodie company paid 2} per cent. to the Govern- 
ment. 

A better gage of the value of the district is given in the re- 
turns. In 1885, according to Mr. Mather, 4467 tons were crushed, 
yielding 6478 oz., 17 dwt., 21 gr.; from January 1886 to April 
1887, the 7872 tons crushed yielded 11,386 oz., 6 dwt., 6 gr., an 
average for the period mentioned of 29 dwt. perton. A total of 
$40,000 worth of alluvial is estimated to have been found within 
this period. Some of the “reefs’’ have been exceptionally rich. 
The Alpine maintained an average of 13 ounces to the ton from a 
small lead for months. The Try, Pioneer, Whiteheads and others 
averaged for some time considerably over 2 ounces per ton; and 
the Union, after a protracted pinch, bringing their #1 shares to 
under ts. 6d., struck a pocket of such richness that their scrip rose 
toover £18 in less than a fortnight, and soon. By this time, the end 
of 1885, public attention to the practical possibility of the existence 
of payable gold-fields in South Africa was fairly awakened ; and the 
announcement early in the following year, of discoveries in the hills 
behind Barberton that should place the question beyond all doubt, 
found a community fully prepared to invest the capital and energy 
required for the due examination of the district. 
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THE FACTS ABOUT RAIN-MAKING. 
By George E. Curtis, 


Meteorologist to the Recent Government Rain-making Expedition. 


HE recent experiments by the Government to produce rain 
ji by explosions have received a degree of popular attention 
seldom accorded to Government scientific undertakings. 
Throughout the southwestern portion of the country, where rain is 
the one thing needful, the operations excited a profound interest 
and awakened lively anticipations of success ; and when it was an- 
nounced that rain had been produced, the news was received with 
very general acceptance over the entire country. Since the return 
of the expedition this widespread interest not only has not abated, 
but in some western States has been increased by the formation of 
artificial-rain companies which are contracting with communities 
to do the public watering at a stated price per acre. These indi- 
rect results now give the matter a new importance and make its 
discussion worthy the attention of both those who have advocated 
and those who have ridiculed the undertaking. It is not merely 
to refute a theory, but to correct a prevailing misconception as to 
fact, that a specific account should be given of the experiments 
that were made and of the rainfall that occurred, accompanied by 
a critical judgment of their relation to each other based on all the 
available data. I purpose, therefore, to present the essential facts 
concerning the operations and their results, taken from my note- 
book, as meteorologist of the expedition, and with a text gained 
therefrom I desire to call attention to some of the broader aspects 
of the subject which as yet have scarcely been recognized. 

The experiments, though made under the direction of the Secre- 
tary of Agriculture, were not undertaken on his responsibility nor 
on his recommendation, but in accordance with the provisions of an 

. appropriation originating in Congress itself. As no bureau of the 
Department of Agriculture was equipped for investigations of 
this character, a special agent was appointed to expend the appro- 
priation and several months were spent in deciding on methods of 
experiment and in providing apparatus. The explosion of oxy- 
hydrogen balloons in the air at different elevations was adopted as 
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one of the chief methods to be employed. Preparations were also 
made to fire sticks of dynamite carried up in the air by kites and 
to explode rackarock (an explosive consisting of three parts of 
potassium chlorate to one part of nitro-benzol) and dynamite on 
the ground. With materials for carrying out these three lines of 
experiments, the party went early in August, 1891, to the “C” 
ranch of Mr. Nelson Morzis, twenty-three miles northwest of Mid- 
land, Texas (latitude 32° 14’ and longitude 102° 12). Every 
facility which the ranch afforded was offered by the hospitable 
and obliging manager, Mr. Edward Rannels, but the distance from 
any source of supplies proved a serious obstacle to the satisfactory 
conduct of the operations. 

The preceding month had been one of more than usual dryness 
throughout western Texas, but in the southwestern part of the 
State the drought had been broken by a heavy storm on August 1, 
which came as a welcome and prompt announcement of the advent 
of the usual August rains.* The first rain after the party reached 
Midland began shortly after noon on August 10, and continued at 
intervals until evening. Although the statement has been pub- 
lished+ that ‘nearly two inches” of rain fell, it must be said that an 
actual measurement was not made, and that this amount is simply 
an estimate by one not accustomed to quantitative measurements 
of rainfall. During the latter part of the afternoon the present 
writer, while ex route to Midland, met a sharp shower at a point 
near Sweetwater, roo miles east of Midland. Light showers or 
sprinkles continued at intervals until sunset, at which time there 
were indications of heavier rain to the north. I mention these 
observations as evidence that a general showery condition pre- 
vailed that afternoon over a very considerable area. 

The rain-making party happened to do their first firing on the 
preceding evening, August 9. This consisted of a few shots of 
rackarock exploded as as a test of material, but with no idea of 
considering it as an experiment to produce rain, and of course no 
result was anticipated. As I was not then present at the ranch I 
have no record of the amount of firing done, but Mr. Powers, the 


* The newspapers published the following Associated Press report on August 3: “ THE 
Texas DrouGut Broken.—San Antonio, Tex , Aug. 2,—The terrible drought prevailing in 
the southwest of Texas for nine weeks was broken last night by a storm followed by drenching 
rain. Only two showers had fallen for nine weeks in the vast area south of San Antonio for 
200 miles and west for 400 miles. Cotton-bolls had begun to drop from the stems, the eorn crop 
was ruined, and the cattle ranges had been parched.” 


+ North American Review, October, 1891. 
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author of “ War and the Weather,” states that ov/y two shots were 
fired, and Mr. Myers the balloonist estimates from memory that 
there were perhaps three shots. 

Immediately after reaching the “C” ranch I began systematic 
meteorological observations with a Robinson anemometer, two 
psychrometers, rain-gages, an aneroid barometer and a Richard 
barograph. The last-named instrument is a very delicate self- 
registering aneroid barometer, which makes a continuous registra- 
tion of the changes in atmospheric pressure upon a cylinder revolved 
by clockwork. In addition to the automatic registration of the 
varying atmospheric pressure, the instrument recorded the magni- 
tude of the instantaneous air-waves produced by the explosions. 
All records were made on Central time. 

On August 12, after a calm afternoon, the wind blew up strong 
from the southeast at 5.45, and three-quarters of the sky became 
covered with clouds. A number of dynamite sticks were exploded 
a few rods from the house, producing an oscillation of about 0.05 
inch in the trace of the barograph. This means that the air-wave 
set in motion by the explosion produced a condensation and rare- 
faction in the air equivalent to about ;}, of the total atmospheric 
pressure. 

August 13, 14, and 15 were dry, clear days, excepting the after- 
noon of the 15th, when the sky was partly covered with patches of 
cumulus cloud. Dynamite sticks were again fired onthe 14th and 
15th on a small scale but no rain followed and no telegraphic re- 
port of these operations was sent. They would not, in fact, be of 
sufficient importance to mention, were it not that equal care is taken 
in recording similar “experiments” on other days, when slight 
showers passed over the ranch. 

The clear weather was interrupted on August 16 by a period of 
cloudy, showery weather which continued through the 18th and re- 
curred on the 2oth. The wind having blown for several days from 
the southeast, cumulus clouds began to gather earlier and in greater 
amount than on the preceding days, and by 1 o’clock largely 
covered the sky. The week preceding August 16 had been spent. 
in efforts to get the generators in operation for filling the balloons, 
and after many causes of delay a balloon was now in process of in- 
flation. ‘The cloudiness continued to increase and since it was not 
possible to expedite the filling of the balloon, an assistant began to 
prepare for ground explosions of rackarock powder in order to ex- 
periment under these conditions. At 3.15 P. M. a seven-minute 
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shower fell from the thin cumulus clouds but the amount of rain- 
fall was inappreciable. During the afternoon about fifty pounds of 
powder were fired in a number of small blasts, without any recogni- 
zable result. The rackarock was generally fired at a distance of a 
half-mile from the house, and the air-wave produced was not suffi- 
cient to affect the barograph at that distance. The cloudiness con- 
tinued through the afternoon and at 7 P. M. covered 80 per cent. of 
the sky. At 6p. Mm. the filling of one balloon was completed, and 
it was set free with a lighted time-fuse attached. The balloon 
was carried by successive currents until apparently over a mile dis- 
tant and fully a half-mile high when it exploded. The distance 
was so great that the barograph was unaffected and the sound of 
the explosion was somewhat faint. The explosion of the balloon 
was not accompanied or followed by any rainfall. In the evening 
lightning was seen in a small cloud-bank in the southwest, from 
which rain was falling, but the shower did not reach the ranch. 

On the 17th the weather continued cloudy and unsettled. The 
clouds began to gather before noon and the wind blew strong from 
the east-southeast. From 3.30 to 4.30 heavy storm-clouds and light- 
ning were seen in the west and southwest, and several slight sprinkles 
occurred from dark cumulus clouds overhead, this being defore any 
explosions had been made. The main body of the storm was entirely 
to the west of the ranch and continued visible for some time in the 
northwest, thick and dense on the horizon. At 5.10 the first ex- 
plosions of the day were begun; three blasts of rackarock were 
fired, but the storm had passed and no more rain followed at the 
time. At 7 o’clock another storm appeared in the southeast, and 
in the course of an hour light showers reached the ranch, while the 
explosions of rackarock and dynamite were renewed. The total 
rainfall, however, was inappreciable. 

What, now, we may inquire, was the relation of the showers to 
the explosions? Those that came before the explosions, manifestly, 
were not caused by them; those that came after the explosions 
were very like the preceding, and, in fact, were in sight before the 
firing began. 

August 18 opened with the sky almost entirely covered with 
stratus cloud. The sun shone out at 8.40, but soon was obscured 
again by general cloudiness. Judge Ethan Allen, of Marienfeld, 
a visitor at the ranch, predicted that there would be rain before 
night. Before noon the prediction was verified, for slight sprink- 
les were felt several times between ro and 12 o’clock. At 2 P.M. 
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a storm was observed in the southeast and at 3.30 thunder was 
heard in the east, accompanied by a strong wind. An assist- 
ant then went out to fire rackarock and the explosions, which 
began about 4 o’clock, continued at intervals through the re- 
mainder of the day. In all eighty-four pounds of powder were 
expended in fifteen blasts. At 4 p.m. the wind was blowing twenty 
miles per Lour from the east and the storm which had gathered in 
the southeast spread over the sky. At 4.50 light rain began to fall 
and continued until 5.30, giving the first measurable rainfall of 0.02 
inch. At 7p. ™M. clouds were seen in the east, but no more rain 
fell. The following day was clear and no explosions were made. 

On August 20 the sky became overcast in the afternoon, and at 
4.15 storm-clouds extended from the northern and northwest 
horizon to the zenith. The southern half of the sky was clear, but 
thunder was heard in the north. At 4.22 the wind shifted to the 
north and blew with a velocity of twenty-five miles an hour. An 
assistant then started out to fire rackarock, no explosions having 
been made since the 18th. The storm-clouds blew rapidly over- 
head from northwest to southeast, and at 4.58 drops of rain began 
to fall—four minutes defore the first explosion of rackarock. Two 
blasts followed at 5.08 and 5.15. At 5.25 quite a little sprinkle of 
rain fell, but it soon ceased. At 5.38 a fourth blast was fired, but 
the greater part of the storm had passed over and descended again 
to the southwest, where lightning was seen at 5.55. Thick clouds, 
however, continued overhead. At 6.15 a kite was sent up carrying 
two sticks of dynamite ; just before the dynamite was touched off 
drops of rain were felt, but no perceptible increase followed this 
explosion and shortly afterwards the sprinkle ceased. At 6.30 the 
wind blew in strong gusts from the southwest and storm-clouds 
extended from that quarter to the zenith. At 7 o’clock another ex- 
plosion was made and was followed by drops; ten minutes later 
there was increased sprinkling. But the total rainfall did not lay 
the dust or become measurable by the rain-gage. 

The 21st was a clear day and extremely hot, the maximum shade 
temperature being about 97°.5. In the evening 156 pounds of 
rackarock were fired in fourteen blasts. During the night the wind 
changed to the north, the barometer began to rise rapidly and the 
temperature fell with equal suddenness and rapidity. Although 
it was August, a genuine Texas norther was upon us. In the 
morning, August 22, the sky was overcast with an unbroken layer 
of cloud, the wind blew in gusts from northeast and north-north- 
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east, and it was so cold that a fire was built for comfort. At 7.40 
a fine mist began and continued for several hours. The rackarock 
firing was again resumed at 8.25 A. M., with a disposition of 276 
pounds of rackarock in seventeen blasts. However, all this firing 
was without apparent effect, as not the slightest result was observ- 
able, and at 2 p. m. the sky was clearing. The mist had been so 
light that no rainfall was found in the gage. 

The weather-maps for August 20 to 22 show the progress of 
this norther as it advanced toward Texas, and also the rains which 
marked its advent. At Abilene the rainfall was 0.70 and at Roby 
1.00 inch. The study of the daily weather-charts shows that these 
rains were essentially due to the norther and may be ascribed to 
the uplifting of the warm moist air by the cold, dry north wind. 
Where the air was more humid a considerable rainfall occurred, 
but at the “C” ranch there was only a fine mist. On August 24 
the pressure fell rapidly and by 2 o’clock was below the normal, 
while the wind blew again from the southwest with a velocity indi- 
cating the approach of another cyclone. The meteorological ob- 
servations close on this date on account of the return of the me- 
teorologist to Washington. 

Strenuous efforts were made to fill and explode balloons on the 
23d and 24th, but it was not until the 25th that the difficulties were 
in a measure overcome, and after several failures two balloons were 
actually exploded—one at 10.45 A. M. and the second at 2.45 P. M. 
As a final effort, the evening was spent in firing the remainder of 
the stock of explosives. Eighteen blasts or shots were fired from 
8 to 11 o'clock. Before daylight thunder was heard followed by a 
sprinkle of rain, At the ranch there was nothing but a sprinkle, 
though to the northwest there seemed to be a heavy shower. In 
the morning the firing was resumed, but it did not produce more 
rain and the experiments were ended. 

This accurate account of the operations of the 25th and of the 
ensuing thunder-storm has been kindly furnished me by Mr. 
Edward Powers, who was present at the ranch throughout the ex- 
periments. In commenting upon this last storm Mr. Powers says: 
“ The indications were that this rain was an artificial one and I 
believe it was the only artificial one produced. But it was nothing 
but a sprinkle ; my only wonder is that any rain whatever was pro- 
duced by the insignificant amount of firing done.” 

In the absence of any visible indications of rain on the 25th it 
was natural to attribute this thunder-storm to the explosions, and 
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if there were no other counter evidence, this case might stand as a 
single instance in which the experiments were successful in develop- 
ing astorm. But even this case is rendered valueless as evidence 
by the meteorological records made at neighboring stations of the 
Weather Bureau and especially by the weather-map for 8 Pp. M. 
(Eastern time) of August 25. The approach of an area of low 
barometer indicated on the 24th by the barograph at Midland is 
exhibited in the barometric records at Abilene and El Paso. 
These records show the prevalence of low pressure beginning on 
the 24th and extending through the 25th, followed by a materially 
higher pressure at 8 a.m. of the 26th. The low pressure passed 
away during the night of the 25th and the barometric change was 
coincident with the thunder-storm at Midland. These conditions 
are presented on the weather-map for 8 p. M. of the 25th, on which 
an extended low area is seen over the extreme southwest; rainfall 
is reported from Fort Stanton, New Mexico, and variable winds 
show an unsettled condition of the atmosphere favorable to 
showers. These conditions were recognized by the forecast offi- 
cer, who made the prediction: “ For eastern Texas, generally fair, 
except Jocal showers on the extreme southeast coast and the north- 
west.” 

Thus we see that the probability of rain in northwestern Texas 
was so great that showers were predicted by the officer in Washing- 
ton. Under these circumstances the thunder-storm which touched 
the “C” ranch no longer appears to be a result of the explosions, 
but is the normal and usual accompaniment of the barometric con- 
ditions which prevailed. Moreover attention should be directed to 
the fact that the center and great body of the storm was to the 
northwest of the ranch and that apparently only the edge of the 
storm was experienced. The only instance, therefore, in which it 
appeared to a candid observer that the explosions had produced a 
storm proves to be one for which showers were actually predicted. 

The different parts of this detailed account may now be gath- 
ered into the following summary : 

1. A smart shower on the afternoon of August 10 was preceded 
on the evening of August 9 by two shots of rackarock to test the 
powder. 

2. Shots were fired on August 12, 14 and 15 without effect. 

3. Cumulus clouds and slight showers on August 16, 17, 18 and 
20 were accompanied by explosions of rackarock and dynamite, 
executed when the storm-clouds were in sight, sometimes before 
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and sometimes after sprinkling had begun. Only on the 18th was 
the rainfall measurable, when it was 0.02 inch. In several cases 
a shot fired when a dense cloud was in the zenith seemed to pro- 
duce a spatter of rain. On three of these days sprink/ing occurred 
before any firing had been done. . 

4. On August 22 a fine mist due to a severe norther was pre- 
ceded on the 21st by the explosion of 156 pounds of rackarock. 
During the mist 276 pounds were fired without effect. 

5. Early on the 26th, when local showers had been predicted for 
this region by the Weather Bureau, and when the continuous 
barometric records show the passage of an area of very low press- 
ure, the border of a thunder-storm touched the “C” ranch and 
gave a sprinkling of rain. Final explosions had been made on the 
preceding evening, and in the report of the expedition published 
by the Department of Agriculture they are denominated “the Mid- 
land test.” This case, therefore, is presented as the principal, if 
not the only, operation at Midland from which the efficacy of ex- 
plosions in producing rain may be judged. But it fails to afford 
the primary condition of a crucial test, for at the same time that 
the experiments were made, the natural conditions antecedent to 
and productive of a thunder-storm prevailed. 

Attention should also be directed to the fact that the total rain- 
fall for these eighteen days is less than that measured at many sur- 
rounding stations of the Texas Weather Bureau, as shown in a 
table kindly furnished me by Mr. I. M. Cline, assistant director of 
the State Weather Service. This table shows that the total rain- 
fail for August in northwest Texas ranged from 0.35 to 2.31 inches 
and that between August 9 and 26 there were nine days when 
measurable rain fell at one or more stations, while at the “C”’ 
ranch there were only two days of measurable rainfall. All the 
data from the “C” ranch and from the other stations confirm’ and 
illustrate an important climatic feature—namely, that August is the 
beginning of the rainy season in northwest Texas. The occur- 
rence of these showers at the “C” ranch and at the stations of the 
Texas Weather Service was not due to the presence of the party of 
experimenters, but to the advent of the rainy season. 

Examined in detail with all the circumstances both of the 
operations and of the weather recorded, it is evident that the ex- 
periments have utterly failed to demonstrate that explosions can 
develop a storm or can produce a measurable rain, and they have 
been not only unsuccessful in result, but meager and trivial in them- 
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selves. After the conclusion of the experiments above described, 
two members of the party continued operations at El Paso and at 
a point near San Diego, Texas. It is stated that at these places 
the explosions were on a much more extensive scale than at Mid- 
land. A careful study of the report of these operations and the 
attendant weather fails, however, to assure me that the results were 
any more conclusive. 

Although for all practical purposes the experiments at Midland 
were a failure, we may recognize a single result of scientific interest 
that seemed to be fairly well attested. In several instances, when a 
dense threatening cloud was overhead, a sharp detonating explosion 
was followed after an interval of twenty or thirty seconds by a spatter 
of rain, or if it was already sprinkling, the blast was followed by a very 
noticeable momentary increase of the drops. This result occurred a» 
sufficient number of times to indicate that the phenomenon was a 
real effect of the explosions, ‘The importance of the observation lies 
in its bearing on the cause of the similar phenomena frequently 
noticed during thunder-storms, when a clap of thunder is followed by 
a shower of large drops of rain. Whether these drops are aggre- 
gated mechanically by the air-waves set in motion by the concus- . 
sion, or whether on the other hand, it is a rapid condensation that 
produces at the same time both the large rain-drops and the electric 
charge, has been much discussed, but the weight of opinion is in 
favor of the latter view. 

This interesting result (if such it prove to be, for it is not yet 
conclusively established) is not, however, what the experiments 
were designed to accomplish, which was to produce rain in meas- 
urable quantity and whenever needed, so as essentially to transform 
the conditions of habitation of the semi-arid plains and thus largely 
to increase the value of these lands. The appropriation has been 
expéhded, but the hoped-for modification of climate is no nearer 
realization than before, and no indication has been obtained that 
there is any possibility of accomplishing it. But the mere waste of 
nine thousand dollars would be of small consequence if the effect 
of the enterprise could be confined to the coffers of the Treasury. 
A very serious phase of the matter is the secondary effect of the 
experiments on the public mind and the resulting attitude of the 
people towards fruitful meteorological investigation. 

In the first place, the simple fact of the conduct of such experi- 
ments by the Government invests the attempt with an importance 
which it could not otherwise obtain. A private individual may 
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engage in some impracticable scheme, without seeking the counsel 
or even against the advice of competent specialists, and no atten- 
tion will be paid to it. But if the Government engage in the same 
undertaking it is immediately assumed to be a rational project. 
This is necessarily the case, for the public at large haye no means 
of distinguishing one proiect from another. Thus, in the present 
instance, people in general had little knowledge that the appropri- 
ation was made by Congress principally at the instance of a single 
member, without the recommendation or endorsement of the scien- 
tific staff of the Department of Agriculture or of any reputable 
physicist in the United States. Accordingly, the undertaking was 
assumed by the great body of the people to be one of the lines of 
investigation taken up by the Department of Agriculture, and so 
the responsibility for it was thrown alike upon the Government 
and upon science. The efforts of the Government are accredited 
because they are believed to be the outcome of the best scientific 
thought of the day. 

This confidence of the people in the scientific work of the 
Government is a gratifying tribute to the labors of our scientists 
and an unconscious testimonial of which they have reason to be 
proud. But the greater the confidence which is reposed, the greater 
is the responsibility not to abuseit. Both wisdom and economy sug- 
gest that Congress should hear the opinions of competent specialists 
before engaging in doubtful scientific projects. Likewise, there 
rests upon every scientist in official position the responsibility of not 
advising any investigation which will not bear the closest scrutiny. 

While traveling through the Southwest last summer my first 
observation and my last was the profound interest felt by all the 
people of that region in the outcome of the rain-making experi- 
ments. A feeling of expectancy pervaded the entire region from 
St. Louis to E] Paso—a readiness to believe in the possibility of ac- 
complishing almost any result that the expedition might attempt, 
however chimerical or impracticable it might at other times have 
seemed. This was not credulity, it was faith—faith in the Govern- 
ment, faith in science, and faith in the honesty and sincerity of the 
Government’s agents. I then began to see how seriously the con- 
fidence of the people had been abused even in the organization of 
an expedition to make rain by concussions, for meteorologists have 
declared unanimously that the idea is not supported either by ra- 
tional theory or observational data. Viewed historically, the idea 
that noises and concussions will produce rain is found to be a part 
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of the folk-lore of very many primitive peoples, and to revive it now 
is to reject the light of civilization and to retrograde to a cruder 
and less rational apprehension of natural phenomena. 

Nor was the impression thus awakened either corrected or 
compensated by the subsequent methods employed. The effect 
of the undertaking became widespread and irreparable through 
the sensational accounts which were telegraphed to the press and 
published in every village in the land. When I arrived at Midland 
on August 10 I found there an employé of the expedition, who 
had come in from the ranch where the experiments were con- 
ducted, to send a first telegraphic announcement to the country. 
The occurrences upon which this telegram was based have already 
been described. On the preceding evening, August 9, two or 
three shots of rackarock had been fired, not as an experiment to 
produce rain, but simply as a test of material, and no result was 
expected; but the next afternoon, when considerable rain fell, 
the fost hoc and the propier hoc were identified and the following 
message was hurriedly sent : 

‘* The Hon. C. B. Farwell, Chicago: Preliminary. Fired some explosives 
yesterday afternoon. Raining hard to-day.” 

The first telegraphic report was followed at intervals by others 

‘which were sent throughout the country and were cabled abroad. 
As the actual operations and results have become known, the attitude 
of the newspapers very generally haschanged from unsuspecting and 
ready acceptance to satire and ridicule. But the widespread belief 
in the first announcements of success cannot easily be corrected. 
Where millions saw the dispatches, only hundreds have read a de- 
tailed account of the exact facts, and a vast number of the people 
still believe that the experiments were in some degree successful, and 
that noises and concussions, when made for the purpose, will pro- 
duce rain. So error which will require years of teaching to eradi- 

“cate has been sown broadcast in a single summer, and the rain- 
making myth is added to the numerous errors about the weather 
which already prevail. 

Charlatans and sharpers have not been slow to seize the oppor- 
tunity thus afforded. Artificial-rain companies have sprung up and 
are now busily engaged in defrauding the farmers of the semi-arid 
States by contracting to produce rain and by selling “ rights” to 
use their various methods. In South Dakota public meetings in 
their interest have been held and the subject has become one of the 
vital questions of the day. 


: 

: 


THE FACTS ABOUT RAIN-MAKING. 551 


Those who have read the later detailed accounts of the opera- 
tions, as well as the telegraphic despatches, have in general suspen- 
ded judgment upon the question. In the midst of conflicting state- 
ments they do not know what to believe, and the only thing clearly 
apprehended is that their confidence was misplaced. This may 
prove to be a blow to scientific meteorology even more serious than 
the dissemination of error. Of all the sciences the results obtained 
by meteorology, contain least that is dramatic or spectacular. It 
is built up of generalizations and inductions based upon years of 
faithful prosaic observation, and this must continue to be its prov- 
ince. But these experiments have easily captivated the popular 
mind and aroused a cry for their continuation, in consequence of 
which it will be more difficult than ever to interest the people in the 
very commonplace methods of meteorological investigation. 

This aftermath of the rain-making experiments, althougk unfore- 
seen, serves as an excellent warning. For the honor and good 
name of the Government and of science, it would be well if we had 
seen the last appropriation to produce rain by bombarding the 
heavens, and the last expedition which should mislead the people by 
sending out premature and sensational reports. 
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‘PRACTICAL HINTS ON HOUSE-HEATING. 
By Leicester Allen, A. B. M. E. 
IL—THE ARCHITECT CONSIDERED. 


EATING engineers will agree with me that much of the difficulty 
H experienced in properly heating and ventilating buildings is the 
result of architects’ sins of omission or commission. The word 
“commission ” is not intended to be interpreted in the commer- 
cial sense, though there are a few cases, I grieve to say, in which such an 
interpretation would be not only allowable, but pertinent. In a profes- 
sion the integrity of which is, in general, sans reproche, it is to be la- 
mented that any one of its members should be willing to stoop to the 
practice of favoring dealers and contractors who secretly pay for such 
favor by commissions, or Presents, as they are called sometimes. As 
such men are justly held in contempt of honest people, I have nothing 
to say tothem. It is the typical architect who represents the great body 
of his profession and whose honor is above suspicion whose ear I now 
seek. 

Time was when the designing of a building, let us say a mansion, was 
a very much simpler task than it is at present. The large open fireplaces 
used for warming buildings introduced no artistic difficulties ; on the 
contrary they lent themselves very readily to the requirements of artistic 
design. These ancient fireplaces and mantels were in fact so capable of 
ornamental treatment that although their functional value, in the march 
of improvement, has passed away, they are still introduced and retained 
as features of interior design by the best modern architects. It is true 
that one of their functions, that of ventilation, is yet made available by 
the use of .grate-fites, gas-logs, or miniature wood-fires that but feebly 
recall the grand wood-fires of former generations, but which serve to 
maintain an outward flow of air through their flues. For the most part, 
however, in modern houses, the whole affair is a pleasant fiction of 
utility, its sole purpose being for ornament. 

When stoves began to supplant the old-fashioned fireplace, the archi- 
tect’s work was not much affected. The stove became an article of furni- 
ture and did not need any special consideration in the design. The sham 
fireplace could be treated for artistic effect just as well as the real one. 
But by the time the stoves began to make way for warm-air furnaces, and 
these, in their turn, began to be crowded out by steam-heating appli- 
ances, the architect found a new element materially influencing design. 
The warm-air furnaces demanded room and place for flues through 
which air could find entrance and exit, and for the registers that control 
the flow. The flues could be concealed in walls and partitions, but they 
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took up room and compelled positions often unfavorable to the introduc- 
tion of architectural features which designers were reluctant to abandon. 
Finally, the advent of steam-heating and hot-water heating introduced 
an entire new set of problems. These problems require for their proper 
solution an acquaintance with the properties of steam and jts circulation 
through pipes, and of the flow through pipes of water put into motion 
by heat. They included the construction of steam-boilers and of hot- 
water heaters, and calculation of their sizes relatively to a required quan- 
tity of heat to be generated in their furnaces and to be conveyed to 
different parts of a building. Among them was the always-recurring 
question of how much direct or indirect heating surface is required to 
heat different apartments, differently situated, differently constructed, 
inclosed by different materials—as brick, wood, glass, iron or combina- 
tions of these—and requiring to be kept at different specific temperatures. 
The computation of sizes of pipes necessary to convey the requisite 
amount of steam to heaters, and their proper positions, with all the de- 
tails of construction of an effective steam-heating or hot-water heating 
apparatus, must be added to this enumeration. Lastly, the problems of 
effective ventilation, varying constantly, to be considered in connection 
with the new systems of heating, and in relation to each individual build- 
ing in which improved ventilation is sought, pressed for solution. Surely 
and swiftly the limitations within which architects have always been 
obliged to work were increased by the requirements of modern living. 
Nor are we yet at the end. Gas and electricity as heating agents for 
buildings are yet to have their day, and their introduction will introduce 
other problems. 

“The modern architect needs to know everything,” once said one of 
the oldest and most eminent of American architects to the writer ; 
“and,” he added, “since that is impossible, and architecture now means 
engineering as much or perhaps more than art, architects will be com- 
pelled ultimately to divide their work with engineers, the architect’s 
office of the future being a kind of bureau, in which a department of 
design will be connected with distinct departments of engineering, where 
the construction of elevators, heating and ventilation, electric-lighting, 
etc., will be considered by expert specialists in these arts.”’ 

At present many architects proceed with their designs with very little 
regard to heating and ventilation. Instead of consulting an expert in 
the early stage of the design, they either rely upon their own knowledge, 
or say to themselves that the heating engineer must look out for himself 
later on. In some cases the knowledge of the requirements for good 
heating and ventilation is sufficient to enable them to avoid the introduc- 
tion of stumbling-blocks. But this is by no means the rule. Consider 
now, I pray you, some of the difficulties the heating engineer has to 
encounter which are results of want of consideration and forethought on 
the part of architects. In this part of the subject I shall draw chiefly 
upon my own experience. 
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55 
I once was asked to draw plans and estimates for a new residence, 
located at a popular watering-place. The design of this building was 
very pleasing and the exterior effects highly artistic. A brief scrutiny of 
the plans, however, disclosed that not the slightest attention had been 
given to the requirements for heating, although it had been understood 
from the outset that the building was to be heated by steam. At the 
time the plans were submitted to me the building was erected and the 
roof had been put on; and all this time no concern had been felt, or 
doubt entertained, that a good steam-heating job could be put in without 
any modification of the plans. Now, to begin with, the cellar (if it could 
be so-called) under the building was only five feet deep; and it was 
found, on inquiry, that greater depth could not be allowed without 
danger of water backing into the cellar at high-tide. The outcome of 
this was that a boiler-pit had to be excavated and made water-tight, 
thus adding unexpectedly to the cost of erecting the apparatus. 

The house was, as is often the case, surrounded with a wide veranda. 
At one of the angles was a room built out over the veranda having all 
four sides exposed, except that a part of one side lapped over the main 
body of the building sufficiently to allow communication by means of 
a doorway from the interior of the second story of the main part. Of 
course the excavation for the cellar did not extend under the veranda. 
No fiue for indirect heating had been provided, and in fact it would 
hardly have been possible to arrange for one without a change in the 
plans. The designer of this building and the owner were much sur- 
prised when | announced that without some alterations it wouid be im- 
possible to heat that room, Now the idea had been that the room in 
question should afford a sea-view from each of its sides; and as the 
building stood on a tongue of land projecting a mile and a half out from 
the main land this was a pretty conception. The view from either of the 
sides was especially fine, and the opening of windows permitted a very 
grateful circulation of sea air in hot weather. Room could have been 
made for either a hot-air flue or steam-pipes by lapping one side a little 
farther over the main part than necessary for the door. As it was, a 
trench had to be excavated under the already built veranda, and a riser- 
pipe run up through a post constructed hollow for the purpose, and the 
room was heated imperfectly by a direct radiator. Notwithstanding the 
riser-pipe connection and the riser were covered thickly with felt, the 
cold winds of winter sweeping under that veranda rendered the pipes 
liable to freeze up, an accident which actually happened the second 
winter after the plant was put in. All of this trouble might have been 
avoided by a consultation with a competent steam-heating expert at an 
early stage of the design. 

The heating and ventilation of a mission chapel with a school-room 
and living-rooms for the janitor in the basement, and a parsonage, 
chapel and library above, once afforded me a striking example of the 
neglect of many architects to consider properly the requisites for steam 
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or hot-water heating. The plans were submitted to me and as there was 
no cellar whatever below the basement, the only course left was to run 
the steam-mains along under the ceiling of the school-room. The ar- 
rangement of the doors prevented this on two sides of the school-room, 
and in order to reach the school-room the steam-mains and returns had 
to be carried through the living-rooms in the basement. When these 
things were pointed out to the architect, great was his surprise and 
chagrin, It took some time and much explanation to convince him that 
the impossible was not possible. Finally he requested that I should 
suggest a way out of the difficulty. 

Whereupon the excavation of a cellar of a size sufficient to accom- 
modate the boiler and of trenches in which to place the mains and return- 
pipes was suggested. Itimmediately became evident that the cost of this 
excavation, involving considerable blasting, was a very unwelcome addi- 
tion to the cost of the building as previously estimated, but as the build- 
ing had not yet been commenced and the unsightly pipes were more 
objectionable, the boiler-room below and the trenches for the pipes were 
conceded. Accordingly I proceeded to draw my plans and put in an 
estimate for the work, which was accepted. The contractor for whom 
the estimate was made was, in due course, notified to proceed with the 
work, Arriving with his materials, he found that neither the excavation 
for the boiler-room nor the trenches for the pipes had been made. A 
requisition for this work was made upon the owner who under the con- 
tract was to furnish the boiler-room and trenches. In response men 
were sent to do the required digging and blasting, and it was soon found 
that in locating the boiler-room the architect had again overlooked an 
important point. The building was now up, and the excavation could 
not be made, as specified, without serious danger to the foundations of 
a heavy building adjoining as well as to the work already performed. 

When this discovery was made, the owners and the architect had a 
debate acrid on one side and humiliating on the other; and it finally 
resulted that the excavated boiler-room was abandoned, the boiler was 
placed on a level with the school-room floor; the steam-pipes were 
run overhead through the living-rooms and the school-room, the direct 
radiators in the school-room were placed on high supports to afford 
drainage, and the returns were carried back along over the floors to the 
boiler. The whole job worked well enough in warming the building, but 
as an example of hideousness in appearance it stands unparalleled in my 
experience. Now all this bother to architect, owner, heating engineer 
and contractors resulted from the lack of a little advice from a heating 
expert when the building was first planned. 

These are samples of what is constantly met with in the experience 
of heating experts and contractors. I could, were it worth while, multi- 
ply them greatly from my own experiences, but I have sufficiently 
emphasized the point made in the first paragraph of this article. 


Do not, as often is practised, make a small cellar for heating appar- 
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atus under the front end of a large building and place chimneys (often of 
too small size even if properly located) at the rear of the building. It 
was so planned to heat a large church in a New Jersey town which I was 
once called upon to inspect, with a view to improvement in a heating- 
apparatus, necessarily a failure, from the fact that the smoke-pipes had 
to extend from the furnaces almost horizontally (as there was not head- 
room to give them much inclination) nearly eighty feet to chimneys of a 
size reduced to the last limit of practicability even had they been in 
reasonable proximity to the furnaces. 

Don’t expect to secure a good circulation of air in large ventilating 
shafts through which the smoke-pipe is carried up, relying upon the 
radiated heat from this pipe and the contact of air with the smoke-pipe 
to move the air through the shaft. Notwithstanding the numerous total 
failures and the still more numerous partial failures that have attended 
this method, it is still introduced in designs for large buildings. I am 
free to say that I] have never seen a ventilating-shaft that worked up to 
half its anticipated capacity by reason of the effect of a smoke-pipe passed 
through it. You cannot eat your cake and have it too. In a properly- 
designed heating plant the smoke should enter the smoke-pipe at no 
higher temperature than is needful to maintain the required draft in the 
furnace. If any heat be subtracted from the smoke to heat air surround- 
ing the smoke-pipe, it necessarily follows that the draft in the furnace 
will be diminished. If the smoke be heated unduly, that is to say, to a 
temperature higher than is needed to maintain a good furnace draft, there 
will be a serious waste of heat, and consequently, undue consumption of 
fuel. If circulation in a ventilating-shaft is to be produced by heat in 
the shaft, the heat for this purpose should be supplied from an ample 
steam- or hot-water pipe-coil at the bottom of the shaft. This will cost 
generally very much more than it would cost to get the same circulation 
by means of a blower, and I have come to the belief that effective ven- 
tilation at a reasonable cost, for large buildings, can be obtained only by 
mechanical means. : 

Gas-burners in ventilating-shafts, except in small shafts for venti- 
lating water-closets, etc., are a delusion and a snare, and even for the 
latter purpose a steam-pipe or hot-water pipe is far better. The defects 
of the system of ventilation by gas-burners in shafts are well set forth in 
the January (1892) number of this Magazine, in the department of Archi- 
tecture, and a fairly good method of utilizing gas for ventilation is 
therein described. But in the present state of the art of ventilation, and 
with the abundance of small motors now obtainable for driving venti- 
lating-fans, any architect who does not avail himself of these resources 
for moving air to any extent and within any limits desired, in ventilating 
schools, churches, theaters and all large buildings wherein people con- 
gregate, is entirely behind the age. 

. Moreover the use of mechanical ventilation enables such buildings to 
be heated without the use of direct radiators, which are not in general 
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highly ornamental, and which occupy room desirable for other pur- 
poses. The heating and ventilation are accomplished simultaneously 
and at the minimum of cost. Much light upon this subject may be ob- 
tained from various articles published in previous numbers of this 
magazine. Some hints on the desirability of avoiding ditect radiators 
may also be found in the June (1892) number in the department of 
Architecture. 

A common thing, which always irritates heating engineers, is to find 
a corner room or a room with a bay window, in which the amount of 
glass in windows is in preposterously large proportion to the size of the 
room, and in which the only place possible for a radiator or a hot-air reg- 
ister, is at the inmost side—the farthest possible from the glass. Now 
although glass is a poor conductor of heat as compared with other ma- 
terials used in building, it should be remembered that its thinness 
makes it by far the easiest passage for heat out of buildings of all the 
numerous substances used. G/ass zs a hole to heat. Now in case a much 
larger radiator is required to heat the space than would be needed were 
there less glass to rob the room of heat, even if the radiator could be 
placed on the cold side (the glass) of the inclosed space (and such a 
radiator will nearly always be objected to on account of its needful size, 
even if favorably placed) when located where the architect’s plans de- 
mand, its size would be still further increased, and before the architect 
will cease to object to it, there is often an unpleasant argument between 
him and the contractor. To avoid this difficulty the cellar space should 
be extended in the plans under the bay in such manner as to permit the 
placing of one or more ample indirect radiators connected by short flues 
with a register or registers directly under the glass. This avoids the 
difficulty named and the architect may then be as lavish with his glass 
as his design demands. There will be no space occupied by radiators 
in the room to be heated, the heaters being in the cellar, and heating can 
thus be made very satisfactory. 

I have, I think, shown the advisability of an early codperation of 
the heating engineer with the architect. I could name an instance, if I 
chose, wherein an architect lost an excellent client, through failure to 
achieve satisfactory heating and ventilation of a building resulting from 
delaying to consider these problems until the building was so far ad- 
vanced that the difficulties he had introduced were no longer surmount- 
able. This was made entirely clear to the owner by the unvarying 
opinions and remonstrances of various heating engineers consulted. 
The architect thus lost the confidence of the owner, and suffered in 
reputation, whereas both of these disagreeable results might easily have 
been avoided. 
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Conducted by Franklin L, Pope. 


N the construction of central stations 
for electrical distribution a marked 
difference exists between American and 
European practice, not merely as to the 
types of machinery most in favor, but in 
respect to the methods of distribution and 
regulation employed. The American prac- 
tice has been to “ standardize” a machine 
or system of circuits as soon as its practi- 
cality has been established satisfactorily, 
and the standard types determined upon 
are thereafter adhered to as closely as pos- 
sible, while in Europe there appears to be 
no such thing as a “ standard practice.” 
Every new installation is almost sure to 
differ in many details from its predeces- 
sors, and it is a notable exception to find 
two stations having a similar equipment. 
In this country the commercial aspect of 
the matter is the controlling one, while in 
Europe much more scope is permitted to 
individual engineering ability. A great 
deal might be said on both sides of this 
question. We think it was Professor Sil- 
vanus Thompson who classified electric 
arc-lamps under the three heads of “ engi- 
neer’s,” “clockmaker’s,” and “ sewing-ma- 
chine” lamps. But it will be noted that 
the last named, which is preéminently the 
American type of lamp, has pretty nearly 
crowded the others from the field in every 
part of the world. Whether this result 
will ultimately follow in other classes of 
electric machinery remains to be seen. 
The enormous development of the elec- 
tric-lighting industry which has taken 
place in London during the past year has 
been a matter of no small surprise to visit- 
ing American electricians. A correspond- 
ent of the Evectrzcal World states that 
there are now about twenty central sta- 
tions in operation in London, nearly every 
one of which possesses important features 
peculiar to itself. One of the most suc- 
cessful of these is that in Lincoln’s Inn 
Fields, which comprises a complete West- 


inghouse plant, including dynamos, con- 
verters, engines and boilers, imported from 
Pittsburgh and set up by American engi- 
neers and mechanics. This was almost 
the first of these undertakings started in 
London, and, although it has been the 
subject of not a little adverse professional 
criticism, has done its work admirably 
from the hour that the first wheel was 
turned. Nearly all the central - station 
plants make use of the storage battery in 
one way or another. There appears to be 
the greatest diversity of opinion as to 
which of the various methods adopted 
is giving the best results. 

Great progress is being made in the in- 
troduction of incandescent electric-lighting 
in Paris. The system of distribution which 
is in use is peculiar, being dependent alto- 
gether upon storage batteries. The pro- 
portion of lamps supplied direct from the 
generators is comparatively insignificant. 
During the time of heaviest load, from 
4 P.M. until the following morning, the 
engines and dynamos are not run, the 
lamps being fed entirely from the storage 
cells. Nearly 100,000 lamps are now sup- 
plied in Paris in this way. A noteworthy 
feature is the unusually large size of the 
cells, each cell containing from fifteen to 
twenty-five plates weighing about 44 
pounds each. These are grouped as re- 
quired, in local distributing-stations at 
convenient points, and are charged during 
the day through underground mains from 
the central station. This system of distri- 
bution was introduced as long ago as 1883 
by the Brush-Swan Electrical Light Co., 
of Cheyenne, Wyoming, under the manage- 
ment of Mr. E. P. Roberts, but ultimately 
had to be abandoned on account of the 
imperfections which were inherent in the 
storage batteries of that date. The com- 
pany manufacturing the batteries used in 
Paris is understood to guarantee an effi- 
ciency of 63 per cent., but careful tests. 
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have shown in some of the stations an 
average efficiency as high as 72 to 85 per 
cent. 

The electric lighting of London has been 
allotted to companies operating within cer- 
tain specified geographical districts, there 
being as arule two companies authorized 
in each district, in order to preservea 
healthful degree of competition. The re- 
turns of January 1, 1892, show that most 
gratifying progress has been made, the 
number of lamps in connection by the 
different companies being as follows: 
Metropolitan Electric Supply, 82,000; 
Westminster, 62,000; St. James and Pall 
Mall, 38,000; Kensington and Knights- 
bridge, 38,000; Chelsea, 28,000; House- 
to-House, 19,000, and Notting Hill, 3000, 
These figures, we presume, are on an 8- 
candle lamp basis, and for comparison 
with the 16-candle lamp basis employed 
in this country, should be divided by two. 
It is stated that mains have already been 
laid in London within reach of 3,000,000 
consumers. 

The Chelsea Electricity Supply Co. of 
London has been using for nearly three 
years a system of distribution by contin- 
uous-current transformers, an apparatus 
which may best be described as a motor- 
generator, placed either on the premises of 
the consumer or at a sub-station. It is 
driven by a high-pressure continuous cur- 
rent, while the generating part gives out a 
low-pressure current for lighting. At a 
recent annual meeting of this company the 
chairman stated that the apparatus had 
always worked steadily and effectively and 
that the cost of maintenance had been very 
low. 


It looks very much as if the use of elec- 
tricity as an illuminant for lighthouses 
would have to be definitively abandoned. 
The earliest practical application ever made 
of the electric light was at the lighthouse 
at La Héve on the coast of France in 1863, 
at which point, as well as at a number of 
others, it has ever since been in use. It has 
been proposed by the French government 
to apply it to many other lighthouses, but 
the emphatic protests and complaints 
which have been made have induced 
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it to reconsider the matter. The opin- 
ion of practical navigators in England 
and in this country appears to be substan- 
tially in accord, to the effect that the elec- 
tric lamps are much less easily seen in 
foggy and hazy weather than oil lamps of 
corresponding power, while serious com- 
plaints are made of the blinding glare 
which the electric light throws upon the 
surface of the water in its immediate 
vicinity. It was this objection that led to 
the abolition of the electric light estab- 
lished at the Hell-Gate entrance of New 
York harbor, some years since. It will be 
noted that these criticisms really apply 
only to the arc light. It seems not at all 
improbable that the incandescent or semi- 
incandescent lamp may yet be successfully 
applied to lighthouse purposes. 


AT a recent meeting of the Institute of 
Electrical Engineers a very instructive 
discussion took place on the subject of 
electric street-car motors. The advantages 
and disadvantages of geared motors were 
debated fro and con, but the absence of 
data derived from actual experience pre- 
cluded any definite conclusion being 
reached. One speaker pointed out that 
the real difficulty in street-car work is to 
get a high efficiency under average con- 
ditions. Each car is compelled to run on 
a given route and time-schedule, and the 
car that will perform its allotted service 
with the least consumption of electric 
energy (repairs being equal) is the most 
efficient to the railroad company. There 
appears to be a great difference between 
the different types of motors now in use in 
thisrespect. It was asserted without contra- 
diction, that with some types of motor on an 
average road, twelve cars could be opera- 
ted witha 100 kilo-watt dynamo, whereas 
with other types, only eight, six and even 
five cars could be run with the same power. 
It makes some difference both in capital 
and expense account whether one or 
two 100 kilo-watt dynamos must be 
installed to do a certain amount of 
work, and it would certainly appear 
that the problem must be taken into 
serious consideration by railroad com- 
panies. Another speaker mentioned a test 
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of a gearless motor on the West-End rail- 
way in Boston, which had shown the re- 
markable efficiency of 80 per cent. It ap- 
pears to have been generally conceded that, 
other things being equal, the higher the 
speed of the car, the greater the economy. 
An electric street-car ought to earn at 
least 15 cents per mile run in order to pay 
5 per cent. on the investment necessary at 
the present cost of construction and opera- 
tion of such roads. This estimate does not 
include the cost of the franchise, which is 
of course indeterminate. Assuming a car 
to run 110 miles per day, about 330 fares 
at 5 cents each would need to be taken in 
to reach the figure named. The number 
of street-car journeys per capita per annum 
is greater in Boston than in any city in the 
United States, being 179 as against 144 in 
New York, 157 in Philadelphia and 126 in 
Brooklyn. Experience has shown that the 
substitution of electricity for horses on a 
street railway has been followed invariably 
by an increase in gross receipts, seldom 
less than 30 per cent., and in some in- 
stances as great as 300 per cent. In most 
cases the operating expense per car-mile 
has been reduced at the same time. 
Experiments made to determine the 
power required to propel a street-car by 
inserting a Salter’s balance between the 
horses and the car showed the starting 
effort to vary from 100 to 200 pounds per 
ton weight of the car, while the running 
effort was only about 25 pounds per ton. 


A CORRESPONDENT of the L£vectrécal 
World gives some recent and apparently 
trustworthy information respecting the 
working of the conduit electric railway 
system constructed in Budapest in 1889 by 
Siemens & Halske, of Berlin. There are 
four lines having an aggregate length of 


* about twelve miles. The maximum grade 


is 1.6 per cent. There are fifty-three mo- 
tor and eight trail cars, the former weigh- 
ing 4.8 tons each (empty), each fitted with 
a chain-geared 16 horse- power motor. 
The conduit is under one of the rails, and 
has a slot 1% inches wide, which by the 
way would not answer at all with such 
vehicle-wheels as are commonly used in 
this country. The central-station dynamos 


are shunt-wound, and the system is worked 
at a pressure of 300 volts. In rainy weather, 
or during the time of melting snow, at 
which times the drainage of the conduit is 
said to be inadequate, the loss by leakage 
is quite appreciable. It may be remarked 
that Budapest is credited with having the 
best kept streets of any city in the world, 
an important point in the successful opera- 
tion of such a system. The cost of the 
line is given by the constructors at about 
$37,000 per mile. The weakest point in 
the system seems to be the traveling con- 
tact-devices, most of the interruptions re- 
ported being due to the breakage or dis- 
arrangement of these appendages. It is 
said, apparently upon good authority, that 
the same system is about to be tried in this 
country. 

Engineer Westernholtz of Siam, who 
has been studying the question of electric 
transportation in Europe and America, has 
contracted for a complete outfit for the 
eight miles of the Bangkok Tramways Co., 
and the material is now being shipped. It 
will be a trifle amusing if Bangkok 
achieves electric transportation with Amer- 
ican machinery before Philadelphia does. 

It is to be hoped the electric railway in 
Bankok will be more successful than the 
electric-lighting company of that oriental 
capital, which was organized last year 
mainly with British money, and which 
erected an extensive plant at a cost of 
nearly $250,000, but has already been com- 
pelled to go into liquidation. A_ local 
journal observes that the “ miserable 
bungling” of the company’s affairs “ only 
affords another melancholy example of the 
incapacity of the native mind to grapple 
with the fine art of company management.” 
It is nevertheless believed that if wholly 
freed from Siamese management and con- 
trol, as it probably will be under the reor- 
ganized condition of affairs, the enterprise 
is likely to becomea very profitable one. 


A CENSUS of the manufacturing indus- 
tries of Switzerland made last year showed 
that there were altogether 2359 mechani- 
cal establishments, utilizing a horse-power 
of 54,243 of water, 27,432 of steam, 394 of 
gas and 332 of electricity ; but this it seems 
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does not include several thousand addi- 
tional horse-power which does not come 
under the factory act. More than $5,000,- 
ooo are sent abroad for coal and nearly 
one-fourth as much more for petroleum. A 
distinguished engineer of Berne computes 
that there exists more than 600,000 horse- 
power of water-power in Switzerland, un- 
employed but readily available. It is of 
interest to compare these figures with those 
of Massachusetts as given in the State 
census report of 1885. There were 4317 
steam-engines of a rated capacity of 301,- 
318 horse-power and actually using 238,672 
horse-power, 2576 water-wheels rated at 
149,906 and using 126,339 horse-power ; 
and 22 electric motors aggregating 58 
horse-power. Electric power in 1885 was 
therefore a little behind windmills, of 
which there were twenty-three having an 
estimated horse-power of 68%. It is evi- 
dent that the natural resources of Switzer- 
land may yet be developed by means of the 
electric motor, to the extent of making 
her one of the foremost manufacturing 
countries in Europe. It is perhaps not 
generally known that the amount of util- 
ized water-power upon the Connecticut 
river, including its tributaries, is consider- 
ably greater than that of any other river 
in the world, the total amount being no 
less than 118,000 horse-power. 


GROUND has been broken recently for 
the erection in Cleveland, Ohio, of an 
enormous establishment to be devoted 
solely to the manufacture of arc-light car- 
bons. One hundred acres of land have 
been secured, and thirty acres of buildings 
will be put up this year, having a capacity 
of half a million carbons per day and 
giving employment to 1000 hands. The 
enormous consumption of raw material 
in this industry has already advanced the 
price of coke from $10 per ton to $15, 
thus indirectly adding in no small measure 
to the profits of the gas business. 


ONE of the largest electrical plants in 
the world is at the electro-chemical salt 
works at Vallorbes, Switzerland, and is 
operated by water-power. There are 10 
150 volt dynamos of 160 horse-power each, 
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besides two of 700 horse-power, a total of 
3000 horse-power. Each dynamo is coup- 
led to a single turbine, running at 350 rev- 
olutions per minute under a head of 220 
feet. There is no regulation of any kind ; 
nine machines are run day and night at 
full load, the tenth machine being held in 
reserve in case of emergency. The dis- 
tance to which the current is transmitted 
is about two miles. The installation, in- 
cluding land, buildings and machinery, is 
said to have cost approximately $40 per 
horse-power, and has been in successful 
operation nearly two years. 


IN one of the Comstock mines at Vir- 
ginia City, Nev., an electric plant has re- 
cently been installed of a somewhat re- 
markable character. A Pelton water- 
wheel, composed of a steel disk thirty-six 
inches in diameter with riveted buckets, 
weighing only 180 pounds in all, is driven 
by the impact of a half-inch stream of 
water under a vertical head of 2100 feet, 
running at 1150 revolutions per minute and 
developing about 100 horse-power. This 
wheel is connected directly to the dynamo. 
The wheel jet is said to resist the blow of 
a sledge like a solid steel bar. 

Plans are being made for the construc- 
tion of an immense hydraulic-electric 
plant atthe Chambly rapids on the Rich- 
elieu river, P. Q., at which point 25,000 
horse-power are said to be available at the 
lowest stage of water. This power will be 
converted into electricity and transmitted 
by wire to Montreal to be used by the 
Royal Electric Co., of that city, for light 
and power. The necessary authorization 
of the Dominion government has been 
obtained, and work isto be commenced at 
once. 


M. D’ ARSONVAL has been studying the 
Gymnotus electricus, of which he possesses 
a specimen capable of emitting a current, 
or rather a discharge, of 100 volts and 2 
amperés, which can be made to magnetize 
an electro-magnet. The electrical appara- 
tus is underneath the animal, the positive 
terminal being at its head and the nega- 
tive at its tail. In striking its prey it folds 
itself into the arc of a circle and completes 
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an electric circuit through the body of the 
doomed animal. The Gymuotus is found 
in some of the South American rivers, 
and is ordinarily five or six feet in length, 
although occasional specimens are found 
very much larger. 


M. PALaz, in an article in La Lumzere 
Electrique, states, as the result of numgrous 
observations by different experimenters, 
that 85 per cent. of the light of an arc- 
lamp is emitted by the positive carbon, 10 
per cent. by the negative carbon, and 5 
per cent. only by the flame of the arc. 
Observations made by Mr. C. F. Higgins, 
of Finsbury Technical College, on a large 
lamp of 51 volts and 26 ampéres, showed 
an illuminating power of 42,000 candle- 
power per square inch of positive carbon 
or “crater” surface. 


IN the course of a recent discussion 
before the British Institution of Electrical 
Engineers, Mr. William H. Preece stated 
that while pure gutta-percha was cheap 
and abundant thirty years ago, when the 
trade was all in the hands of one firm, at 
the present day there was absolutely no 
unadulterated gutta-percha to be had in 
the market. He said that in instances 
within his knowledge, the use in a sub- 
marine cable of the sophisticated material 
had proved disastrous, the cable becoming 
wholly useless within three or four years. 


EXPERIENCE shows that the life of in- 
candescent lamps, particularly those hav- 
ing long thin filaments, is materially short- 
ened by mounting them in either a hori- 
zontal position, or, as is frequently done, 
in a position upwardly inclined from the 
horizontal. This effect is especially no- 
ticeable in buildings subject to vibration 
from running machinery. 


A work of reference of especial value, 
not only to the professional electrician but 
to the general scientific reader, is the new 
and enlarged edition of Professor E. J. 
Houston’s Dictionary of Electrical Words, 
Terms and Phrases, just issued. It con- 
tains about 5000 titles and 570 illustrations, 
and appears to fully cover every branch of 
the subject. 


ELECTRICITY. 


WHILE the number of different types of 
dynamo-electric machines which have been 
successfully applied to incandescent light- 
ing is literally legion, it is a most remarka- 
ble circumstance that the two earliest suc- 
cessful types of arc-light dynamos, those of 
Brush and Thomson-Houston, have easily 
maintained their lead against all competi- 
tors, although no material modification or 
improvement in principle has been made 
in either from the beginning. Professor 
Silvanus Thompson estimates, and we 
think correctly, that three-quarters of all 
the arc lights in the world to-day are run 
by one or the other of these two machines. 
It is said that nearly 150,000 arc lamps 
have been made under the patent of a sin- 
gle company. 


ONE of the long-felt wants in submarine 
telegraphy has been a repeating apparatus 
capable of accurately transferring the pe- 
culiar undulatory signals from one circuit 
to another. This has at length been ef- 
fected by the recent invention of a variable 
resistance carbon relay, which is said to 
give admirable results in practice. This 
improvement ought to largely reduce the 
expense of operating long lines of cable 
communication, as for example between 
England and India, by doing away with 
the present necessity of manual repetition 
at the intermediate stations, not to men- 
tion the diminished liability to the errors. 
of retransmission, which now give rise to. 
more or less vexation and loss of time. 


ACCORDING to Mr. Goschen, the average 
profit in every £1 of receipts of the 
British Post-Office Telegraphs for the last 
five years has been 3d, the expenses having 
been 19s. 9d. During the preceding five 
years, before the rate was reduced from ts. 
to 6d., the expense was 18s. 6d. and the 
profit ts. 6d. 


Pror. W. E. AYRTON announces that as 
a result of exhaustive experiments and 
computations, he finds that a tailor’s goose 
can be properly heated by electricity for 
about twopence per hour, and that an 
omelette may be satisfactorily cooked by 
the same potent agency at a cost of one 
farthing. 


ELECTRICITY. 


ONE of the principal obstacles in the 
way of an intelligent adjudication of pat- 
ent cases by the courts is the difficulty of 
instructing the untechnical mind in the in- 
tricacies of technical principles, processes 
and machinery. With respect tothe aver- 
age juryman, this difficulty was long since 
by common consent admitted to be insur- 
mountable, and of late years patent cases 
almost invariably have been tried in equity 
proceedings before one or more judges, 
without the intervention of a jury. But 
it is too much to expect even the most 
learned and accomplished of judges to 
comprehend the mysteries of domesticated 
electricity without further instruction than 
can be imparted in the course of a week’s 
argument by counsel, however eloquent 
and able. In a recent hearing before Judge 
Green of the United States Court in Tren- 
ton, N. J., involving one of Edison’s most 
important patents—that for distributing 
electricity from a central station througha 
peculiarly-arranged system of conductors 
to ensure uniform electric pressure in all 
the lamps of an extended system, his coun- 
sel provided an elaborate and costly ob- 
ject lesson, by converting the court-room 
into a complete electrical central station 
equipped with full-sized apparatus in act- 
ual operation, and enabling the whole pro- 
cedure of distributing and regulating elec- 
tric currents to be seen and understood 
almost at a glance. We believe the elec- 
trical companies would find it profitable 
to employ a competent demonstrator to 
go about the country giving popular lect- 
ures, illustrated in this way, and thus, at 
least to some extent, dissipate the dense 
mists of ignorance and prejudice which 
envelope the minds of so many worthy 
people, and which have formed so serious 
an obstacle, in many instances, to the in- 
troduction of electrical appliances. 


AN exceedingly ingenious and useful 
telephone outfit has been devised which is 
intended especially to facilitate inter-com- 
munication between the different depart- 
ments of large mercantile and manufac- 
turing establishments and the like. The 
apparatus, though small and compact, is 
most effective in operation. Standing upon 
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a desk, it occupies scarcely more room 
than an inkstand, yet enables the occupant 
to signal and speak instantly to any par- 
ticular person connected with the system 
without disturbing others. Arrangements 
are being made to furnish these outfits at 
a rental so moderate as to place them 
within the reach of almost any one. The 
Hotel Waldorf, now building in New York, 
is to be provided with a telephonic com- 
munication of this character between the 
office and every room in the house, and it 
seems probable that the use of the tele- 
phone in this class of services will become 
the rule rather than the exception. 


ONE of the sensations of the electrical 
department of the Paris Exposition of 
1878, was the exhibition by Gaston Planté 
of the wonderful results attainable by the 
accumulation of electricity in secondary 
cells. M. Planté had studied the subject 
exhaustively, and even at that early date 
had discovered and published pretty much 
all there is to know about lead secondary 
batteries, having by his experiments origi- 
nated and developed a system of “ forma- 
tion” by which the storage capacity of the 
lead plates was greatly augmented. Sub- 
sequently Faure in France and Brush in 
America independently discovered that by 
applying lead oxide to the plates in the 
form of a paste, Planté’s somewhat tedi- 
ous and expensive process of formation 
might be dispensed with, and a larger bulk 
of oxide maintained in condition for action. 
Numerous minor improvements in the con- 
struction and arrangement of the plates 
have been patented and much litigation 
has resulted therefrom. In a very recent 
decision, Judge Coxe of the United States 
Circuit Court has affirmed the validity of 
the Swan patent for perforated plates, for 
holding the oxide in place. In another 
case some time ago, the same judge sus- 
tained the patent of Brush for pasted 
plates. The commercial importance of 
these decisions seems likely to be consid- 
erably diminished by the tendency in late 
years to revert to the Planté and other 
early types of cells, some of which are 
unquestionably giving excellent practical 
results. 
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Conducted by Frederic R. Hutton. 


VERY striking difference in condi- 

tion is presented by reason of the 
high price of fuel to the eastern engineer 
who visits the western district of the 
United States. Where coal for industrial 
purposes commands nearly twice the figure 
for which it can be bought on the Atlantic 
seaboard, there must be introduced several 
interesting features looking towards the 
economy of fuel in every plant of large 
size. The first of these is the necessity of 
the use of the condensing-engine where- 
ever possible. The advantages of this en- 
gine appear in several distinct forms. 

There is first, the thermodynamic and 
theoretical advantage by which is secured 
a higher efficiency of the steam which is 
used. With a given boiler-pressure secur- 
ing a certain pressure of steam, as it enters 
the cylinder, the efficiency by the formula 
of each pound of steam used varies directly 
as the difference in the temperature be- 
tween that steam as it enters and as it 
leaves the cylinder. It is obvious that 
when the final pressure is less than that of 
the atmosphere, this difference in tempera- 
ture is larger and the efficiency of the fluid 
used so much the higher. 

In the second place, the vacuum being 
counted from the line of atmospheric pres- 
sure or zero of the steam-gage pressures 
in the opposite direction from that in 
which the steam-pressures are counted, 
there is secured for a given cylinder area 
a greater mean-pressure during the stroke, 
because the steam- and vacuum-readings 
“at any point of the stroke are added to- 
gether to give the actual effort at that 
point. Acylinder of given size therefore 
either gives more horse-power, or, for a 
given horse-power, a cylinder of smaller 
diameter can be used. In either case we 
use less steam for a given work, and there- 
fore burn less coal to make the necessary 
steam. 

Whenever the water which is required 


to effect the condensation of the steam is 
precious it becomes worth while to arrange 
the plant so that the same water can be 
used over and over again. In the large 
plants in the mining regions in the open 
country it pays the engineer to plan for 
ponds where the warmed water used in 
condensation can be cooled to be used 
again. In cities, however, this pond 
arrangement becomes difficult to obtain, 
and therefore a more compact system has 
been worked out to enable the roof of 
the power-house to be used for storage and 
cooling of the condensing water. The 
general arrangement of these cooling tanks 
used at the power-houses of the San Fran- 
cisco cable-railroads consists in a series of 
shallow sheet-iron tanks, slightly inclined, so 
that the water shall flow in a comparatively 
thin sheet from the upper end of one tank 
to the lower end, where it overflows into a 
second tank at the side of the first and in- 
clined in the opposite direction, so that the 
water zigzags backward and forward in a 
few feet of height, and gathers in the bot- 
tom tank with a good deal of its initial 
heat dissipated. The water enters the 
system at 185° F., and is used for condensa- 
tion at a temperature of about 80°, 

Doubtless a very considerable element in 
the cooling is the vaporization of the hot 
flowing water, but the loss in this way is 
comparatively small, and a partial stream 
flowing through an inch-and-a-half pipe 
supplies all additional water which is 
needed for an engine of several hundred 
horse-power. 


ANOTHER very interesting difference in 
the practice of mining engineering in the 
Rocky mountains and west of them at- 
taches to their hydraulic engineering. In 
the East the problem is usually in the 
form involving reasonably large volumes 
of water but at comparatively low heads. 
In the West the problem is usually of 
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another form, involving amounts of water 
both large and small, but with very great 
heads. This difference of condition has 
brought the water-pressure engine into a 
use which it has not found near the sea- 
shore, as a means of utilizing the weight of 
water, and has also developed water-mo- 
tors of a type different from the historic 
forms. The overshot water-wheel, having 
as its fundamental principle that the water 
should be laid upon its circumference 
without shock so as to act by its weight 
alone, is absurdly out of place where a very 
high head presents itself. The immense 
cost of massive structures of this sort again 
puts them out of the running in competi- 
tion with the rapidly-revolving wheels of 
small diameter which are more adapted 
for the conditions of great pressure. The 
turbine wheel turning upon a vertical axis 
is again the less adapted to these high 
pressures of water, by reason of the fact 
that the pressure in most designs has 
either a very large component of the press- 
ure acting downwards upon the foot-step 
of the wheel and shaft, or else the entire 
head acts in this disadvantageous way. 

Here, however, if the turbine principle 
is the one which offers the greatest ad- 
vantage, the proper method in which to 
apply it is by the use of two wheels turn- 
ing upon a horizontal axis to which they 
are both attached, so that the pressure of 
the water or the longitudinal components 
of that pressure neutralize each other 
through the solid connecting shaft. This 
arrangement also has the advantage, in 
mills and other enterprises where the 
shafting to be driven is usually horizontal, 
that no bevel-gearing is required to trans- 
form the vertical rotation of the wheel- 
shaft to the horizontal rotation of the line- 
shaft. It costs, however, about as much 
as two wheels. 


But to meet the conditions of the great 
pressures referred to there has been de- 
veloped a wheel utilizing in part the prin- 
ciple of reaction upon which the turbine 
depends, but depending so largely as to 
dwarf the importance of the other prin- 
ciple upon the impulse idea. A jet of 
water issuing from a nozzle impinges upon 
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cup-shaped buckets upon the periphery of 
a simple open-armed or solid-disk wheel 
revolving upon a horizontal axis supported 
in ordinary bearings. The water acts by 
its living force and not by its weight, ex- 
cept as the living force is dependent upon? 
the weight of the water due to the head. 
The construction of the wheel and its 
corresponding cost becomes very much 
cheaper and simpler, and the impulse com- 
ing tangentially upon the wheel ‘s without 
influence in increasing the stress upon the 
bearings. The entire effect passes to the 
production of rotation of the shaft to be 
driven. 

The limitations to this form of wheel 
are imposed by the necessity for revolving 
at a very high rate of speed. Where for 
any reason this speed by reason of undue 
resistance becomes so low that there is an 
excess of water impinging on each bucket 
before it moved out of the way to be re- 
placed by the next one, the efficiency of 
the wheel would fall correspondingly. 
There is some loss in any case from water 
failing to get into the buckets. But by 
proportioning the diameter of the wheel 
to the work to be done it is possible to 
secure high linear speeds of circumference 
even with not too great numbers of shaft 
revolutions. 

An interesting application of this method 
is to be seen in the recent installation made 
by the leading manufacturer of wheels of 
this description on the Pacific slope. It 
is in the Comstock mines, of Virginia City, 
Nevada. A wheel thirty-six inches in 
diameter is made of a 3-inch steel plate 
with the buckets riveted to its periphery 
and by a dove-tailed form of joint which 
shall secure the bucket against any danger 
from centrifugal force. The vertical head 
of water is 2100 feet, corresponding to a 
pressure of 911 pounds to the square inch. 
A nozzle tip gs of an inch in diameter, 
under this head, will give ten horse-power 
and one of 3 is in use giving the twenty 
horse-power which is required for the work 
of the wheel under its present conditions, 
running a ventilating blower. The wheel 
is speeded with the resistance on to run at 
1150revolutions per minute, which velocity 
corresponds to a speed at the periphery of 
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120 miles per hour. When the load is off 
the wheels speed up to about twice this 
velocity. 

Under these conditions, the 116 cubic 
feet per minute, which is called a miner’s 
inch of water in the western hydraulic 
practice, is able to develop five horse- 
power. Or by another interesting com- 
parison, one horse-power is given for every 
two pounds of metal in the wheel. With 
a half-inch nozzle the same wheel would 
give 1co horse-power. This exceedingly 
high head of water is possible by reason 
of the location of the wheel on the level 
of the Sutro tunnel, while the water-sup- 
ply is carried down from the pipe line of 
the Gold Hill Water Company from the 
mouth of the mine. 

An interesting possibility which is of- 
fered by these great elevations was illus- 
trated also by the practice in the Chollar 
shaft on the Comstock lode, where the 
water is first taken over an impulse wheel 
on the surface for direct driving of mill 
machinery with 460 feet of head of water, 
and the outflow from the wheel is carried 
down the shaft to six similar wheels forty 
inches in diameter, having as their head of 
water the entire 1680 feet, from the top to 
the tunnel level. The lower wheels drive 
dynamos connected by wires up the shaft 
to motors upon the mill machinery. This 
makes a most interesting illustration of 
what might be called the principle of com- 
pounding in water-wheel practice. 


As another industrial feature in the rail- 
road practice which heavy grades entail, 
two interesting matters have presented 
themselves recently in connection with the 
hauling power up the hill, and the brak- 


ing power down the hill. In handling 
trains against the great resistance of grav- 
ity, the engine-man finds it necessary to 
throw sand under the driving-wheels of the 
engine to increase the adhesion. Every 
one has noticed on the boiler of the usual 
American engine a dome-like structure or 
a trapezoidal box over the wheel-guards 
from which sand can be delivered by a 
pipe, to increase adhesion under the 
wheels. The difficulty with this system, 
where the sand is delivered by its own 
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weight under the wheels, is that an excess 
is likely to be discharged which will in- 
crease materially under the other cars of 
the train the resistance to hauling which 
the engine has to overcome. A recent im- 
provement has been to apply through a 
comparatively small pipe the compressed 
air from the train-brake system to the de- 
livery in small quantities of just the neces- 
sary amount of sand for adhesion without 
discharging the undesirable excess which 
would give trouble under the wheels other 
than the drivers. 

The other expedient seems to offer some 
advantages in coming down the hills where 
the grade may reach over 100 feet to the 
mile. It is obviousin this case that a very 
long train may make very serious demands 
upon the air-supply, which the air-pump 
on the locomotive must furnish, if the 
brakes are to be put on under each car 
with the frequency which an alternating 
straight grade and resistant curve would 
offer. To accomplish the saving of air 
desired a relief valve is attached to the 
train-pipe of each car for these very steep 
grades, which can be opened by the train- 
man in charge at the head of such a grade, 
by which a pressure of sixteen pounds or 
so to the square-inch will be kept continu- 
ously upon the brake-shoe; the engine- 
man being able on such parts of the line as 
this pressure will be enough to adjust the 
valve in the engine as for the release of the 
brakes, and by this means re-charge from 
the engine tank the brake reservoirs under 
each car, so that there shall bea reserve of 
power to be used when the demand arises. 
The danger of meeting a steep grade 
with too little reserve of brake power in 
the form of air at the necessary pressure is 
thus made more remote. 

On one of the steep grades in the Rocky 
mountains where this difficulty may arise, 
a form of safety-device of great simplicity 
has been adopted. At the foot of a long 
incline, before striking a sharp curve, an 
open switch is located which can only be 
closed by the action of the watchman in 
charge of it. This switch runs off into a 
siding running up a very steep elevation, 
so that in case the train or a part of it 
should be beyond the control of the en- 


gineer, he will simply run up this prohib- 
itory hill and soon stop by the absorption 
of the momentum in overcoming the re- 
sistance of gravity. The watchman will 
only close the switch for the passage of 
the train when the train is brought toa 
standstill, in advance of it, thus convincing 
him that the engine-man has it under per- 
fect control. 


IT is interesting to observe the gradual 
passage of avocations which have been for 
years considered the special field of the hand 
laborer into that still broader field which 
is covered by machine-tools. Perhaps in 
no other department is this as striking as 
in the machinery now coming into use for 
the dressing and shaping of stone. This 
has always hitherto been given over to the 
mallet and chisel of the high-priced oper- 
ative, and it is not so many years since the 
first introduction of the saw as a means of 
cutting out the special shapes required for 
lintels, stairs and side-walk paving. Re- 
cently, however, for the special require- 
ments of lintels and cornices, a form of 
machine has been put into use based upon 
the design of the planers used in the ma- 
chine-shops, but carrying a series of cutting- 
tools arranged somewhat like the sectional 
cutters which are used in the working out 
of moldings in a molding-machine. The 
stone to be dressed is secured to a recip- 
rocating bed and the series of tools, each 
bearing a part of the required profile, are 
mounted upon a transverse rail and are fed 
down asthe work progresses. This course 
is especially applicable for the softer va- 
rieties of stone, such as marbles, slates and 
sandstones. For sawing in the harder 
varieties satisfactory results are obtained 
from the use of diamonds inserted in the 
periphery of a steel disk. The work is 
done more rapidly than it was with the 
old-fashioned plan of a simple disk with 
abrasive powder or sand, and a more satis- 
factory result is obtained. 

An interesting extension of this same 
department of work has been developed 
recently for the particular variety of stone- 
dressing to be used where fine carving is 
sought. It is an extension of the principle 
A comparatively 


of the electric rock-drill. 
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finely-pointed chisel reciprocates very 
rapidly within an electrical coil, alternately 
excited and shut off and the downward 
impact produces the incision into the 
stone as guided by the hand of the artist. , 
The blows of course succeed each other 
with great rapidity, much increasing the 
capacity of a given man during his work- 
ing day, and of course correspondingly 
diminishing the cost of the product. 


THE recent outbreak in several large 
engine-rooms of a rampant form of centri- 
fugal force has directed anew the attention 
of designers of large engines to the for- 
midable opponent which may sometimes 
attack their best-conceived designs. It 
has been the practice in many textile mills 
throughout New England to drive the 
different departments of the miil by sev- 
eral belts, three or more, passing from the 
large belt-wheel on the engine shaft, which 
also usually acts as a fly-wheel. These 
belts are perhaps forty inches in width, and 
three of them necessitate a very wide face 
to the pulley which may carry them with- 
out interfering. They will be upwards of 
thirty feet in diameter in order to secure a 
high lineal speed of the driving belts with- 
out too rapid a speed of the engine-shaft, 
and with such large diameters there are 
all the difficulties which attach to the use 
of cast iron for this purpose. The wheels 
must be in segments by reason, first of 
their great weight, making it impossible or 
difficult to shape and handle them all in 
one piece, and because the problems of 
their erection and transportation would 
become almost impossible of solution. 

A wheel much over eleven feet in diame- 
ter cannot be shipped by rail by reason of 
its interfering with passenger trains or 
overhead structures according as it is 
shipped flat or edgewise. It is not an easy 
matter, moreover, to get around the diffi- 
culties which flow from the shrinking at 
unequal rates of the arm and continuous 
rim. It is the limitation set by this pecu- 
liarity of cast-iron in cooling which com- 
pels the universal use of curved arms where 
the rim is continuous. With a heavy rim, 
the arms would be in compression by the 
later cooling of the large mass in the rim, 
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but in a wide-faced wheel of thin rim, the 
arms would be in tension due to their cool- 
ing at a slower rate than the thin rim with 
its great radiating surface. A solid wheel 
is also very likely to have defects appear 
at the junction of the arms and rim, inas- 
much as the solidification from the outside 
to the inside is very apt to result in a 
porous or spongy center, having, of course, 
little or no tensi‘e resistance to the strains 
which act upon its area at that point. 

The second design is to make the wheel 
in two pieces, bolting the rim and the hub 
together in halves by bolts in flanges. The 
third plan is to make the wheel in many 
segments, each arm being cast with a part 
of the rim and solid with it, so that the 
joints in the rim come between the arms, 
or else the arms and the rim are entirely 
separate ; the rim being made continuous 
by bolts which fasten its segments to pads 
on the ends of each arm. 

One advantage of this design is that the 
rim can then be made so as to have its 
centrifugal resistance more exactly calcu- 
lable, and it can be made strong enough to 
stand up to do its work without the rein- 
forcement of the arms at all. 


THE recent accidents referred to have 
given prominence to two methods for miti- 
‘gating the possibilities of the disasters 
which would come from the presence of 
hidden defects in the cast-iron work of 
which the wheel is made. The first of 
these is the one proposed and carried out 
by Mr. Charles H. Manning, at the Amos- 
keag Mills, in Manchester, New Hamp- 
shire, where the fly-wheel, which is also 
the belt-wheel, is a wooden-rimmed wheel 
with cast-iron radial spokes. The advan- 
tage which flows from the use of wood is 
that its greater lightness per cubic foot 
‘materially diminishes the resistance to be 
opposed to centrifugal force, while the 
tensile strength increases more rapidly 
than the centrifugal acceleration. An in- 
teresting description of the design and of 
the special appliances used by Mr. Man- 
ning in the construction and erection 
piecemeal of the large wheel was recently 
presented before the American Society of 
Mechanical Engineers. 
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The other form of large wheel of a com- 
posite type involves the use of hollow arms 
to the wheel within which are wrought- 
iron or steel bolts running from the hub to 
the rim, and resisting by the high tensile 
strength of those ductile metals the cen- 
trifugal force generated in the rapidly 
moving rim. While an ingenious inventor 
has patented the plan of casting into the 
rim and hub concentric rings of a tenacious 
metal from which similar metallic spokes 
joining the two rings shall be surrounded 
by the cast metal which forms the bearing 
surface of the hub and rim, yet there are 
practical difficulties connected with the 
unequal elasticity and contractibility of 
these different metals which make it ques- 
tionable at present whether this scheme, 
practicable on a small scale, can be applied 
in any large way. 


THE ordinary observer of military page- 
ants and the museum collections of ord- 
nance is apt to form inadequate ideas as to 
the requirements of the tools which must 
form the outfit of an establishment aiming 
to do the work required upon the modern 
gun of large bore. In the first place, the 
ordinary siege gun, intended to be more or 
less portable, is only a rifled gun in the 
newer practice, and is not aimed to carry 
either the great weights or the high explo- 
sives which the new guns require. There 
has recently been constructed for the Navy 
Yard at Washington a form of gun-lathe 
for turning and boring the sixteen-inch 
breech-loading rifles which it is the inten- 
tion of the Ordnance Department to turn 
out as a standard design. Some concep- 
tion of the magnitude of the tool can be 
gathered from its dimensions, which show 
a bed nearly 74 feet long, 9 feet wide and 2 
feet deep. The main spindle at the head 
of the lathe has a length of 6 feet 9 inches 
between the centers of the bearings, and 


the bearings are 20 inches in diameter and 


32 inches long for the front and where the 
greatest weight is to be borne, and 14 
inches in diameter by 24 inches at the far- 
ther end. The set of cone pulleys are so 
adjusted that fourteen different speeds can 
be secured with a safe cutting pressure of 
140,000 pounds on a diameter of 50 inches. 


The capacity over the carriage is for 70 
inches diameter. A very perfect system of 
feed-gears by which the longitudinal and 
transverse feeds can be adjusted to each 
other enables the necessary tapers to be 
turned with the simplest computations of 
the change wheels, and a longitudinal feed 
as high as three inches is provided for. 
There are two carriages, and the boring 
attachment is so that the labor of several 
men can be utilized at one time upon the 
massive work in progress. To prevent 
any deformation of the long gun, there 
are steady rests, four in number, which 
are carried by pushing or pulling from the 
tool carriage. The belt required for driv- 
ing the spindle is eight inches wide and 
of double thickness. 


AMONG the various suggestions which 
have been offered for the preservation of ex- 
posed metal work forming a part of modern 
structures, one of the most recent is the 
covering of the iron with aluminum elec- 
trically deposited. Among the first exam- 
ples of this work on a large scale are the 
massive iron castings which are to form 
the superstructure for the Philadelphia 
City-Hall tower, and two of the six-ton 
columns have been so far completed. The 
depositing tanks are five in number, the 
first containing a solution of caustic soda, 
in which the column remains twenty-four 
hours to remove all grease. 

The second is the pickling tank for the 
removal of scale and oxide, which are 
thoroughly removed after pickling, by 
steel brushes before it passes into the third 
or copper tank. Inthe fourth tank where 
it remains for three days, it receives a 
heavy copper deposit on the outside of 
which the final coating of one-sixteenth of 
an inch in thickness of aluminum attaches 
itself to the copper. Fifty pounds of alu- 
minum go to each column, after which it is 
thoroughly washed in hot water, and the 
process is completed. To secure perfect 
uniformity of the coating, the castings are 
turned every two hours during their sub- 
mergence in the electro-plating tank. 
This work was done by the Tacony Iron 
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and Metal Company, to whose Presi- 
dent, Mr. Francis Schumann, the credit of 
the work mainly attaches. 


For the stopping and starting of machin- 
ery which it is desirable occasionally to dis- 
engage from acontinuously running source 
of power, the device known as the clutch 
is often inapplicable. The positive jaw 
clutch has the disadvantage that a great 
strain is entailed at high speeds to change 
the velocity of the stationary machinery to 
be driven from its velocity zero, when it is 
at rest, to that of the moving elements in 
an instant of time. For this reason, the 
clutches of the friction type have great ad- 
vantages in view of their distributing the 
work of engagement over a perceptible 
interval, so that the inertia is gradually 
overcome instead of being overcome 
with a suddenness which amounts to 
a shock of perhaps great intensity. The 
great difficulty connected with very many 
of these clutches is that when they have 
been engaged, and the work of the power 
is passing through them, it takes an enor- 
mous mechanical advantage to throw them 
out of gear. It will easily be seen bya 
moment’s thought why this should be so; 
inasmuch as if the horse-power or foot- 
pounds passing through the clutch be di- 
vided by the speed in feet per minute, the 
quotient is the pounds with which the 
parts of the clutch will be jammed to- 
gether. Centrifugal force, also, at high 
speeds sometimes acts as a very consider- 
able influence to make disengagement 
difficult. For this reason, a design of 
clutch involving the cam principle for en- 
gagement of its friction surfaces offers 
an undoubted advantage, the disengaging 
lever moving the cam, and thereby engag- 
ing or releasing the /everage, by which the 
friction surfaces are seized. These prob- 
lems of subdivided transmission -become 
of moment in electric power stations and 
similar establishments where the principle 
of sub-division of power is not carried out, 
so that only so much of the plant need be 
run at any time as is necessary to meet the 
demand of the consumers. 
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Conducted by Barr Ferree. 


OMMENCEMENT season is over; 

the colleges and schools have closed, 

and the days of learning and of study for 
many thousands have reached a finality. 
Gay and joyous as Commencement week 
has come to be, it has a solemn side that 
should not be ignored. To many young 
men it means the exemption from a des- 
potism of marks and petty insignificancies 
that should have no place in preparation 
for life; to others it typifies the beginning 
of things, the commencement of reality 
and of responsibility. Doubtless for all 
time to come there will be these two 
classes; they represent two great phases 
of human nature, and human nature is not 
a thing to be lightly changed or altered 
even in the passing of generations. We 
must accept it as such, and the most our 
educators can hope to accomplish is to re- 
duce to a minimum all things which tend 
to make college days the emblem of bond- 
age. This brings up at once the questions 
of methods and of matter. The unsuccess- 
ful teacher may spoil the most fascinating 
subject by his indifference or his incom- 
petence; acceptable subjects will frequently 
rouse dormant enthusiasm where it may 
be least suspected. Unfortunately, while 
every one will admit the truth of these 
propositions, our current collegiate educa- 
tional system is not based on such found- 
ations. Certain studies are viewed as 
absolutely necessary to the well-being of 
every youth, and year after year, gener- 
ation after generation, the same elementary 
ideas are drilled into our students without 
the smallest attention being given to the 
suggestions of modern thought, or the 
changes and improvements which modern 
ideas may not unreasonably be supposed to 
imply. On no other ground can the almost 
total exclusion of art teaching, the history 
of art and especially of architecture, be ac- 
counted for. Architecture is the oldest of 
the arts and the most useful ; it is also one 


of the least understood at the present day. 
Some elementary teaching in its history, 
though not in its processes, should most 
certainly be included in the education of 
every well-rounded man. Aside from its 
importance as a useful subject, is its still 
greater importance as a means of training 
the mind through the eye. Modern edu- 
cation spares no means in order to train 
the intellect by feats of memory and men- 
tal exercises, but the value of eye-training 
seems not to be understood. Certainly it 
has small place in the higher education. 
There have been many new “archi- 
tects’ turned out into the world during 
the last month—young men full of life and 
hope and dormant possibilities of accom- 
plishing great things. But modern archi- 
tecture is not an art that busies itself with 
the creation of monumental structures, 
with which great things in building are 
popularly associated. It is an eminently 
practical art, full of business and business 
responsibilities, with little space for imag- 
ination. Like most things of life there is 
little play in architecture, though those 
more fitted for it than others will take 
greater pleasure in it. There are few archi- 
tects who do not now receive elemen- 
tary training in the technical schools 
and the training offered in them be- 
comes a matter of serious concern to 
those interested in the advancement of 
architecture in America. Omitting details 
of courses, though premising a close simil- 
arity in all, the subject of design may be 
taken asa fair test of the value of schol- 
astic work in architecture. Glance over 
the lists of subjects in any of the architec- 
tural schools, and one will find fagades of 
tragic theaters, presidential mansions, 
sumptuous residences, bridges with galler- 
ies over streets, memorial fountains, statues 
and pedestals, most of them proposed with 
unlimited means and the richest decorative 
features. Side by side with these go lesser 
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problems, as a day nursery, a country 
museum, a gardener’s cottage, but these 
are minor episodes, introduced as a relief 
to the greater problems calling for more 
time, more experience, more knowledge, 
more invention; less utility, less practi- 
cability, less adaptability to every-day re- 
quirements. The great trouble with all 
our architectural schools is that, in design 
at least, they are modelled after the Ecole 
des Beaux Arts of Paris. It is quite true 
this is the greatest architectural school in 
the world, and that as a body French archi- 
tects are at the top of the heap. But 
granted that this is so, neither of these 
things is a good or sufficient reason for 
blindly following the French system simply 
because it has produced the best possible 
results in France. As a matter of fact the 
architectural conditions in the two coun- 
tries are totally different, while there is no 
similarity at all between the material 
offered for educational purposes. The 
students in the French school are men ; 
those in America are boys. 

The problems in design offered at the 
Ecole des Beaux Arts are frequently of 
most amazing complexity. Not only are 
they impossible monuments—structures 
that few architects would be called upon to 
design in the course of a very long practice 
—but the most extravagant freedom is per- 
mitted in matters of expense and decora- 
tion. The philosophy of this is simple 
enough ; all manner of conditions massed 
in one problem will require so much 
ingenuity for a solution as to render lighter 
tasks extremely easy. The argument is 
not wholly convincing, but when its enor- 
mous practical success as shown in the 
history of modern French architecture, is 
taken into account it would seem to re- 
quire an immense amount of courage for 
an architectural school to start on a differ- 
ent basis. Yet ona more utilitarian plan 
the coming great American school of archi- 
tecture must be formulated. There must 
be less French work, intended for men of 
some maturity of thought and who have 
had the advantage of long training in 
draughtsmanship, not for boys still taking 
their first lessons in mechanical drawing. 
There will be less fancy designing and more 


practical work of a nature suited to Ameri- 
can conditions and necessities. The time 
consumed in designing a monumental 
crematory with complicated outbuildings, 
imposing reception-rooms and a thousand 
costly details will never prepare the student 
for designing an actual crematory. It 
would be easy to cite instances. The ex- 
hibitions with which the architectural 
schools brought their work to a close last 
month were filled with drawings on the 
French plan, and very largely in the 
Renaissance style. It is not, perhaps, hard 
to trace the connection between the adapt- 
ability of the Renaissance tocurrent neces- 
sities, of which we hear so much now-a- 
days, and its teaching in the schools. It 
would be strange indeed if a long training 
in the Renaissance did not leave an im- 
pression upon the youthful student’s hand 
and mind which he would find hard to 
shake off in other work. Of course it is 
heresy of the rankest kind to suggest that 
the French system is not altogether the 
thing for American schools; it has accom- 
plished too much good, we have too many 
good architects who were wholly trained 
by it. But why, if architecture is a practi- 
cal art, consume valuable time in designing 
impossible structures under impossible 
conditions, and in a style that largely 
needs the help of the schools to keep it in 
vogue? Why, if the conditions of current 
architecture are of unsurpassed complexity, 
should not our young men begin to try to 
grasp them in the schools instead of wait- 
ing until an actual problem presents itself ? 
There is much to be learned in the schol- 
astic methods of architectural instruction : 
the demand for common sense in archi- 
tecture is not less great in the schools, 
where the greatest amount should be found, 
than it is without. 


A NEw building material which promises 
to be most serviceable to the architect is 
noted by the American Architect. Wired 
glass, as it is called, consists of sheets of 
glass or hollow glass vessels with a net work 
of fine wire imbedded inthem. Apparently 
the wire is an alloy of some kind, since 
ordinary metal wires cannot be sealed per- 
manently into glass. The process is said 
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to result in an amazing strengthening of e art in all its forms offers an infinite variety 


the glass. Thus a sheet of the material 
heated to red heat and suddenly cooled 
with cold water will crack into innumerable 
pieces, which are so firmly held by the 
wires as to still be able to support a great 
weight. To this quality of being fire-proof 
is added that of being burglar-proof, since 
it can be cut only with extreme difficulty. 
If all that is claimed for it is true it would 
appear that this substance would speedily 
come into favor for sky-lights and even 
more exposed positions, its fire-proof and 
burglar-proof qualities rendering it avail- 
able in almost every part of a building. 
Unfortunately the American Architect 
gives no particulars as to its inventors or 
any specific information concerning it, 
Doubtless its regard for the advertising 
value of editorial notices led to the sup- 
pression of the only really valuable infor- 
mation in connection with the matter, But 
a substance such as is described cannot re- 
main hidden if it has the qualities claimed 
for it, and if itcan be produced at reason- 
able cost. 


AN Art Congress at Washington, though 
held with the avowed purpose of inducing 
Congress to repeal the odious tax on paint- 


ings which has disfigured our statute- 
books for a number of years, is a sign of 
the times that cannot be ignored. It was 
a proud and happy day for Miss Kate Field 
which saw the consummation of months 
of heavy work in the opening of the Art 
Congress and the accompanying exhibition 
of paintings. Probably no body of men 
stand so much in need of liberal art educa- 
tion, as a whole, as our Senators and Rep- 
resentatives, and with Miss Field as an 
educator the very greatest results may be 
anticipated. The prominence into which 
art matters have been brought by this agi- 
tation cannot but be beneficial to the whole 
country. There is no national quality so 
rudely glaring as our unappreciation of 
art and of beautiful things, and the more 
artistic subjects are talked about and writ- 
ten about and brought before the people 
the better it will be. We cannot have too 
much of it. The tariff and the silver 
question may grow tiresome at times, but 


that can never be wearisome. And so 
while the Washington Art Congress was 
more a meeting of painters and sculpto:s, 
because they were the classes most inter- 
ested, the architects should not hesitate to 
recognize a kindred spirit and join with 
their brother workers in completing the 
work now so far advanced. Whether the 
Art Congress accomplishes its definite 
purpose or not, the interest it has excited, 
the discussions it has provoked, the works 
of art it has gathered together, and the 
entire earnestness with which it has used 
every available argument on the older 
Congress in session at the same time will 
do an immense amount of good. Itisa 
most striking commentary on our artistic 
appreciation—and notwithstanding _ its 
shame, one we should keep before us as a 
reminder, we are no better than we should 
be—that a public meeting and discussion 
of artists was required to be held at the 
capital of this great country in order to 
induce our national legislators to intro- 
duce a little common sense into the regu- 
lations affecting the importation of works 
of art. We hear a good deal at times of 
American art for Americans, and some- 
times we see a good deal of it, but a high 
art standard will never be developed 
among us, marvellous as are our intel- 
lectual and material resources, by exclud- 
ing from our shores the great artistic 
works of other times and countries. 


THE traditional life of the cat is not 
more prolonged than the fatal fascina- 
tion that the evolution of a national 
American architecture has for many minds. 
Not very long ago a gentleman read a 
paper on this very subject before the Chi- 
cago Architectural Sketch Club which 
began with the amazing statement that 
‘*We have been told for many years that 
we ought to have an American style of 
architecture; and as I do not remember 
to have met any opposition to this propo- 
sal, it seems safe, therefore, to conclude 
that we are under obligations to have such 
a style.” Chicago buildings give evidence 
of too much common sense for such non- 
sense to be tolerated there, however it may 


be supported elsewhere. Nothing but 
the most total ignorance of the ele- 
ments of architectural history, and an 
absolute blindness in observation, could 
have produced the remark just quoted. 
If the author of this sentence can 
wear the same kind and amount of 
clothing all the year round, live in the 
same manner, with the same exposure for 
the like period, if he will further under- 
take to induce the inhabitants of every 
State and Territory in our great country 
to think as he does on this subject, and 
will supply a uniformity of building ma- 
terials throughout the same region, then 
in truth, and not till then, will we have a 
real and true “ American” style of archi- 
tecture. Not that our buildings must all 
be alike, but our climatic conditions are 
so varied, our manners of living so diverse, 
our habits of thought so different that 
unless some wider common basis than we 
know gives evidence of forthcoming 
all the essayists and writers and lectur- 
ers in the world will not evolve for us an 
architectural style we can call national. It 
is only those whose nationality is limited 
by the horizon of their study windows, 
who forget that America is not a narrow 
strip of land on the Atlantic coast or 
around the great lakes, who can promul- 
gate such things. As a matter of fact it 
doesn't matter at all whether we have an 
“American” style or not, so long as we 
build well and to the purpose. 


BERLIN, like New York, is to have its 
cathedral, a vote to that purpose having 
recently been granted by the Prussian 
Diet, though not without much opposition. 
This opposition arose not only from the 
ground of unnecessary expenditure, but 
also, it is refreshing to note, from the un- 
popularity of the selected design. Sucha 
feeling exhibits a most healthy interest in 
architectural matters which we in this 
country are sadly in need of. The chosen 
design is in the Renaissance style witha 
great dome as the central feature. These 
elements were much talked of when the de- 
signs for the Episcopal Cathedral of New 
York were awaiting final decision, and the 
doctors were free in advising that on such 
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lines alone could a “ modern” cathedral be 
designed. While it goes without saying 
that the Berlin cathedral might have beena 
happier composition, it certainly points a 
warning of what we might have had had 
the doctors been allowed to have their way. 
New York is by no means to be congratu- 
lated on the design finally selected for its 
own great church, but as it is proposed to 
spread its erection over a long term of 
years, and as the Trustees announce their 
willingness to admit all sorts of modifica- 
tions, there is hope that a really fine build- 
ing may be erected in the end. The 
trouble with the New York cathedral, 
and the same remark applies to that of 
Berlin, is the comparisons that will neces- 
sarily be made between it and the medieval 
cathedrals. The idea to eclipse, orat least 
equal, these marvels of architecture, seems 
to have been the fundamental thought of 
those having the matter in charge. In 
itself the idea is not bad, but the condi- 
tions under which an American cathedral 
must be built differ so widely from those 
under which the medizval cathedrals were 
erected that unless we bodily transport 
one of them to our country it is hard to 
see how we can escape failure. Failure is 
a harsh word to use towards the energetic 
men who have the matter in charge, but it 
is impossible to escape making compari- 
sons, and it is equally impossible to help 
seeing that such comparisons must inevi- 
tably be unfavorable to the American 
edifice. It isunfortunate that such should 
be the case, but a cathedral is a cathedral, 
and it will be impossible to think of New 
York without calling to mind those glori- 
ous buildings of which Paris, and Chartres 
and Reims and Amiens are imperishable 
examples. 


THE building of college buildings has so 
frequently proved the ruin of young col- 
leges that the action of the trustees of Col- 
umbia College in deferring all plans for 
buildings on their new site to a commis- 
sion composed of well-known New York 
architects and professional representatives 
from the faculty is entirely to be com- 
mended. And not the less so because as 
yet scarcely a penny is in hand to provide 
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new structures of any kind. It is a signif- 
icant sign of the times when our educa- 
tional bodies look upon the possibilities of 
architectural situation in planning a fresh 
group of structures on a new site. Too 
often such questions are left to settle 
themselves and posterity saddled with a 
heterogeneous collection of ideas that may 
become picturesque in time, but which in 
no way illustrate the architectural thought 
of the period in which they were built. 
There will be none of this in the new build- 
ings Columbia proposes to erect. The 
land it has acquired above the site of the 
Episcopal Cathedral is one of the finest 
locations in the metropolis. Here, better 
than elsewhere within the narrow limits of 
Manhattan Island, can an imposing group 
of structures be erected which shall be not 
only an adornment to the city but a strik- 
ing memorial to the intelligence, taste and 
foresight of the men who planned them, 
and who, if they are not able individually 
to carry out their designs, will have laid a 
foundation of thorough excellence. It 
need scarcely be said, from the manner in 
which the Columbia trustees are proceed- 
ing with their work, that in time they will 
give us the most successful group of col- 
lege buildings in the country. Certainly 
their evident plan to proceed with the 
whole work on one central idea, as is in- 
dicated by the formation of the Architec- 
tural Commission, is a most striking ad- 
vance upon the architectural methods of 
other colleges, in which buildings have 
been built as they were needed, in almost 
every style and fashion, as means and time 
permitted. All of this has been well en- 
ough in its way, because the older colleges 
date from what may be termed, at 
least so far as America is concerned, pre- 
architectural times. Columbia will work 
‘ in a different manner, and the experiment 
of carrying out a general building idea over 
a period of years, as will undoubtedly be 
the case, will be watched with great inter- 
est. It will be a matter of regret if the 
other colleges and institutions of learning 
that are meditating removal to adjacent 
sites do not coalesce with Columbia and 
thus unite resources which are now un- 
wisely disconnected. The scholastic pos- 
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sibilities from the union of all of the higher 
institutions of New York under the head 
of Columbia College and their transfer- 
ence to a new site are not less great than 
the architectural possibilities. 


THEATERS and theater-planning have 
been receiving marked attention from 
English architects in the last few months, 
several noteworthy papers on these sub- 
jects having been recenily read before the 
architectural societies of London. It is 
natural that such should be the case, for 
few modern buildings have experienced as 
many changes and so well illustrate mod- 
ern architectural ideas as theaters, As 
buildings they form a distinctly modern 
group, antiquity and the middle ages offer- 
ing nothing at all comparable to them, and 
they are thus not only the product of 
modern ideas, but may be termed exclu- 
sively modern buildings. A paper read by 
Mr. E. A. E. Woodrow before the Archi- 
tectural Association of London was con- 
cerned entirely with the subject of Recent 
Developments of Theater-Planning. The 
author took up the questions of site, of 
exits, of entrances, of staircases, the audi- 
torium, the stage, dressing-rooms, and 
other important parts of the theater-build- 
ing. Without treating this topic historic- 
ally at all he noted the improvements in- 
troduced in these parts in the most recent 
buildings. Though the reading of the 
paper was accompanied with numerous 
plans, sections and elevations, it is un- 
fortunate that the author did not borrow 
some American drawings. He would have 
found fruitful themes in the theater of the 
Chicago Auditorium and also in the new 
Schiller Theater in the same city, by 
the same architects, which is now very 
rapidly approaching completion. In the 
Auditorium the old form of domed audi- 
torium is displaced by a ceiling constructed 
on the speaking-trumpet principle, con- 
sisting of a series of expanding arches ex- 
tending from the stage outwards. Not 
only is this a very great advance acoustic- 
ally, but it offers opportunities for novel- 
ties in theater decoration that the archi- 
tects of the building have most admirably 
taken advantage of. English architects 


and writers on architecture are every day 
giving more and more attention to the 
architecture of America, but it scarcely 
seems excusable to ignore so important an 
innovation as that employed in the Chicago 
Auditorium in any discussion on recent 
developments in theater-planning. 


A cuRE for efflorescence on brick-work 
is chronicled by Mr. H. C. Standage in 
The Builder. No problem has seemed so 
difficult of solution as this. An eyesore of 
irremediable unpleasantness, it has baffled 
the skill of architects and chemists alike. 
Mr. Standage’s remedy is a very simple 
one, being the application of a solution of 
common salt to the brick before being 
placed in position, or a thorough satura- 
tion afterwards. A porous brick will im- 
bibe water in a rainfall and become im- 
pregnated with a solution of a salt of soda, 
from dissolving some of the sodium salts 
in the mortar. This, on drying, will be- 
come anhydrous sodic oxide if the weather 
be dry, or minute crystals if the weather 
be damp, in the latter case not becoming 
quite entirely anhydrous. Now if hydro- 
chloric acid is applied to this oxide (Na O) 
the reaction will be water and chloride of 
sodium or common salt, which will, of 
course, dissolve in water. That is, chemic- 
ally, 2HCl+Na,O=HO+2NaCl. Hydro- 
chloric acid is, however, expensive and 
dangerous to apply, and common salt it- 
self was found to produce the desired re- 
sult. In this case the chemistry would 
be NaCl+NaHO=Na,0+HCl. In this 
formula Na,O is the body which it is de- 
sired to expel or change into another 
form. Inthe application of common salt 
(NaCl) the changes may be accounted for 
by a stronger combination existing be- 
tween hydrogen and chlorine than between 
sodium and chlorine. Is is also probable 
that the chlorine in the salt (NaCl) which 
readily separates and unites with the hy- 
drogen is the efflorescence, or sodic hy- 
drate (NaHO), the simultaneous produc- 
tion of hydrochloric acid neutralizing the 
effect of the sodic oxide efflorescing. Cer- 
tainly the remedy is an inexpensive one, 
and while the inventor of the method 
admits his experiments have only been 
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carried on for a single year, it would seem 
to be quite worth trying on a larger scale 
by other operators. 


THE bill to license architects, lately 
passed by the Legislature of New York, 
must have struck terror into many hearts. 
From time immemorial it has been the cus- 
tom among certain grades of architects and 
architectural critics to attribute all the bad 
work of modern days to non-professional 
architects, to draughtsmen or other irre- 
sponsible persons who could not, of course, 
be expected to be provided with the devel- 
oped wisdom of “ real” architects. If these 
classes should be prevented from inflict- 
ing their monstrosities upon a long suffer- 
ing public, it would be an interesting ques- 
tion as to whom would be held ac- 
countable for the architectural sins of 
coming years. Probably not even those 
who have been in the habit of putting 
forth this explanation of the queer things 
in current work had any true belief in it, 
but it was vastly convenient to have some 
tangible portion of the public upon whom, 
with some show of reason, could be sad- 
dled everything bad or disayreeable. As 
gargoyles the much despised non-profes- 
sional filled a highly important place, and 
while the bill failed to receive the Gover- 
nor’s signature, the respite is likely to be 
brief, and will be sure to be missed. 


THE New York Sua did some good ser- 
vice in a recent issue in explaining, with 
the aid of diagrams, the methods employed 
in building the great power-house of the 
Broadway cable-road at Houston street. 
By means of a double system of supports, 
one for the machinery floor, of brick, and 
the other of iron for the building proper, it 
is hoped to make the upper part of the 
structure available for business and office 
purposes. It issoseldom that problems of 
architectural construction are referred to by 
the daily press that the Sxn’s article is 
especially noticeable. Machinery vibra- 
tions have so long baffled the efforts of 
architects and engineers that the actual 
success of this great structure will mark a 
decided advance in the architecture of 
manufacturing establishments. 
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Conducted by T, Graham Gribble. 


HICAGO’S first elevated railroad was 
opened for traffic on June 6. It 
commences at Congress street and runs 
due south on tne alley between State and 
Wabash avenues, to Twelfth street, from 
which point it diverges very slightly on to 
a purchased right of way to Thirty-ninth 
street, a distance of about 3% miles. This 
is traversed in fourteen minutes including 
stoppages, some of them less than a quar- 
ter of a mile, or an average rate of travel 
of about fifteen miles per hour. The struct- 
ure is of a substantial character consisting 
of plate girders and bracketed posts and re- 
flects much credit on the engineer-in-chief, 
Mr. R. L. Sloan, and upon his assistants. 
Mr. Sloan was formerly chief engineer of 
the Manhattan railway of New York, and 
patentee of some of the earlier devices 
adopted in that system of construction. 
He has adhered in the main to the ordi- 
nary form of elevated railway, but has 
made his ironwork more massive than that 
of the previous works. No attempt has 
been made to obtain economic advantage 
by continuity of stress; the longitudinal 
girders, of which there is one under each 
rail, are all merely supported and free to 
expand by oval bolt-holes or else a sliding 
arrangement is made at every second bay, 
thus making every two girders continuous, 
but there is no reduction of area on that 
account. It is possible that some economy 
might have been obtained by continuity, 
but the foundations of Chicago being such 
as to produce appreciable settlements 


“under all heavy structures, there would 


have been a possibility of continuous gird- 
ers developing abnormal stresses due to 
settlement. The placing of a longitudinal 
girder directly under each rail obtains the 
maximum stiffness possible from the girder 
since there is then no deflection of the 
cross-ties. Testing the’ vibration of the 
columns by hand on the day of opening, 
there was scarcely any sensation of lateral 


vibration, and a very slight longitudinal 
vibration when the train was running 
straight forward, but when switching there 
was quite perceptible lateral vibration. In 
the former case the vibration was barely 
sufficient to shake off a row of water drops 
which were resting on the lower flange of 
the girder. In the latter case, when stand- 
ing on the platform at Congress street, the 
vibration was almost as much as on some 
of the Manhattan stations. This lateral 
vibration might be diminished by forming 
the lateral bracing into a complete trian- 
gulation extending over the whole width 
of the structure. The total length to the 
World’s Fair grounds, a distance of 7% 
miles, will be double-track, but a third 
track will be added for the last 114 miles. 
At the terminus adjoining the Transport- 
ation building of the World’s Fair there 
will be three platforms and four tracks for 
marshaling trains. The signaling will be 
arranged so that each platform may serve 
for arrival and departure. The time from 
Congress street to the World’s Fair 
grounds will be 32 minutes. A crossing 
will be made over the Illinois Central 
Railway by a bridge of 22114 feet span hav- 
ing 21 feet clear headway above the IIli- 
nois Central rails. This will be a hand- 
some bow-string truss standing about 33 
feet above the street, to allow for the IIli- 
nois Central to elevate its tracks twelve 
feet. There are no sharp curves as far as 
the line is opened but at the next street 
(Fortieth street), there will be two square 
corners to turn and one at Sixty-third 
street. Hithertothe curves have all been 
put in as plain circular arcs. Along the 
alley the ordinary angle-bar fish-plate is 
used but beyond that the Fisher bridge 
joint. The writer could not observe any 
difference of smoothness in passing over 
first one then the other. The rails are go- 
pound rails, and the car-wheels of course 
perfectly true, but the rhythmic sound ot 
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crossing the joints was just perceptible. 
The noise also, although very much less 
than that of the Manhattan railway, was 
sufficient to frighten the horses when di- 
rectly underneath the structure. The 
noise is deadened as much as possible by 
interposing the timber cross-ties between 
rails and girders; vibration is at a mini- 
mum ; rails are deep and well jointed ; but 
there is noise yet 

The position of the line in an alley where 
it traverses the heart of the city removes 
all possible objection to it on the part of 
the inhabitants on account of noise, and 
the horses will very soon become used to 
it. It is still, however, the aim of all who 
are attempting the solution of the rapid- 
transit problem to obtain such a structure 
and such means of operation that the 
transportation may be carried on in any 
thoroughfare. With regard to the noise 
it is possible that if wheels are adhered to, 
the rolling of iron on iron, which must 
always produce some noise, may be got 
rid of by the use of some less resonant 
but durable substance in the wheel-tires; 
the present system in all rolling-stock of 
concentrating the load on the trucks is 
also more noisy than a greater distribution 
of the load would be. The two chief ob- 
jections of the public to elevated roads on 
the best streets are the noise and the lack 
of ornamental features in the structure. In 
the sliding railway the transit is almost 
noiseless, and possibly this system might 
be used with other than hydraulic pro- 
pulsion. 

Chicago’s “ L,” which rejoices in the 
ponderous title of the ‘“ Chicago and 
South-Side Rapid-Transit Railroad Com- 
pany,” is the best sample of elevated rail- 
way yet produced, and although it may 
not entirely disarm the public objection 
to having its counterpart on the finer 
thoroughfares, every step forward helps 
towards the solution of the rapid-transit 
difficulty. We must hope to see through- 
out the country such an understanding 
arrived at between the civic corporations 
and the railway promoters that the acqui- 
sition of charters will not need to be ob- 
tained at the point of the bayonet or by 
means less reputable; we must also hope 
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to see such financial arrangements possi- 
ble as will permit of the great profits aris- 
ing out of these franchises being devoted to 
the ornamentation of the structures rather 
than to the undue aggrandizement of the 
promoters’ wealth. With regard to the 
coming World’s Fair, the Chicago elevated 
railway has acquired all of the right of way 
to the Exposition with tHe exception of 
2000 feet, and expects to be completed by 
the end of the year. The line is likely 
to be one of the most popular means of 
travel and will probably be taxed to its 
utmost capacity during the whole period 
of the Exposition. When extended fur- 
ther southwards, and when all of those 
districts become developed by its means, 
as they are likely to be just as they have 
been in New York, it is difficult to see 
how a double-track road will ever be able 
to handle the traffic which will come to 
it. It will be a repetition of the great 
“Humanity Packing Companies ” of New 
York. 


THE construction of the Lake-street 
elevated road at Chicago was recom- 
menced the first week in June and was 
then about 1% miles in length. The 
structure is of the usual type. It runs due 
west from the city and is intended to ex- 
tend to the suburbs. It will possibly in 
future make connection with the alley 
elevated road which runs south of the 
World’s Fair grounds and so encircle the 
city. Being ona street, the posts are ar- 
ranged at the curbs of the sidewalks; 
cross-girders span the driveway with the 
usual head-room. Two longitudinal plate 
girders carry the center tracks but there 
will be room for two other tracks outside 
of these when the traffic demands it. The 
longitudinal girders are allowed room for 
expansion by a stirrup similar to that in 
use on the alley “ L,” which occurs at every 
fourth bay. The lateral bracing appears 
somewhat scanty for the structure as it will 
be, but possibly more may be intended 
before the road isin operation. Otherwise 
the work appears to be of a substantial 
character and well put together. 


Mr. Morison’s bridge over the Missis- 
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sippi at Memphis, Tennessee, was opened 
with an ovation corresponding to its posi- 
tion among the great achievements of the 
day and corresponding also to its value to 
the city and country in developing their 
resources and establishing their trade 
centers. The bridge consists of a series of 
great spans one of which, the greatest. is 
a cantilever, and the others are trusses. 
The total length of bridging is 2597 feet, in 
five spans ranging from 226 to 790 feet. 
This half-mile of bridgework combines 
several principles of construction and 
novel methods of erection, but presents a 
symmetrical and very majestic appearance. 
The two most interesting features to en- 
gineers were the method of putting in the 
foundations and that of combining the 
cantilever type with the truss, in order to 
obtain a uniform headway; to maintain a 
clear waterway during erection, and to 
utilize the “ building out” principle with 
narrow piers. 

With regard to the foundations the 
method adopted was in the main that of 
the St. Louis and Forth bridges, but the 
river was too deep to use guides, as at St. 
Louis, for sinking the caissons. These were 
sunk by the pneumatic process, aligned 
by guide-ropes attached to anchors. In 
order to preserve the caissons from tilting 
and to prevent the rapidly accumulating 
silt from massing against it, an expedient 
was resorted to of sinking willow mat- 
tresses 200 x 400 feet over the site of the 
pier. The caissons were then sunk upon 
this level bed prepared for them and the 
portion of the mattress inside the pier cut 
away to permit the latter to descend in 
the usual way to a firm foundation. The 
piers stand upon clay and are built of 
granite. The comparison of the founda- 
tions with those of the St. Louis bridge is 

-as follows : 


Below Below Greatest 
Low water. High water. Immersion. 


Memphis 96.2 130 108 
East St. Louis.... 94. 135.5 109.7 
The minimum headway prescribed was 
75 feet above high water, which is main- 
tained by the lower chord of the bridge 
throughout. The longest span is a canti- 
lever of 790 feet having a peculiarly small 
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depth at the pier as compared with its 
length. The cantilever arms are also very 
short as compared with the central inde- 
pendent truss. The object of this con- 
struction was to obtain the leverage neces- 
sary for building out the intermediate 
truss, without ,having recourse to high 
and wide towers. The adjacent span of 
621 feet was built on a temporary trestle, 
termed in this country false work, and 
from its end the cantilever arm was built 
out in the ordinary manner. The weather 
was favorable to the enterprise through- 
out the construction. The surveys were 
made in 1885 and the drawings prepared 
in 1888, The sinking of the caissons was 
commenced in the fall of 1888. The last 
masonry was completed in April, 1891, and 
the erection of the iron work in February, 
1891. The last span, the intermediate 
truss of the cantilever, was swung clear on 
April 23, 1892. The bridge is built for a 
single line of railway and is expected to 
prove of immense value to the trade of 
Memphis. The tests were made by a train 
of locomotives. Fifteen locomotives with 
tenders on the 790-feet cantilever produced 
a deflection of 434 inches. This isa ratio 
of about gs'55 and represents a very stiff 
bridge. 

The exact figures of cost have not yet 
been made public, but are between $2,500,- 
000 and $3,000,000, It would seem from 
this that the cost of the foundations and 
granite piers must have been as much or 
more than that of the superstructure. The 
weight of the material in the latter, includ- 
ing the metal viaducts, is stated in the 
newspaper account to have been gsootons, 
which at $100 per ton erected would be 
under $1,000,000, leaving $1,500,000 to 
$2,000,000 for the piers. These figures are 
of course subject to correction, but if ap- 
proximately accurate they point to the 
economy of using long spans. The men 
employed in the caissons were paid about 
$2 to $2.50 for three shifts of 45 minutes 
each in the twenty-four hours. Only four 
died from the “bends,” but many more 
suffered from it. 

Mr. Morison is already celebrated for six 
great bridges over the Missouri river and 
first made himself famous as the engineer 
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of the new Portage viaduct over the 
Genessee river. The old wooden structure 
being destroyed by fire, the new steel 
structure was put in its place in 100 days, 
a feat which probably has not ever yet 
been excelled in any country as regards 
rapidity of construction, and one which 
could only be accomplished in a country 
where bridge-building is systematized to 
the extent it is here. The resident engin- 
eer was Mr. Alfred Noble. 

The principle of erection of the Memphis 
bridge is not so much a novelty as a novel 
combination of various methods to the de- 
sired end. In 1877 Mr. C. Shaler Smith 
built his justly-celebrated truss bridge over 
the Kentucky river entirely without false 
work, taking advantage of a pair of towers 
which had been previously erected with 
the intention of constructing a suspension 
bridge on the same site. He was enabled 
by means of those towers to build out for 
196 feet. At this point temporary towers 
of wood were erected, and the corbeling 
out process continued until the inter- 
mediate permanent towers were reached. 
The bridge was a continuous truss in three 
spans of 375 feet each. The shore spans 
were, however, hinged after construction at 
the point of contrary flexure on Gerber's 
principle, thus making 75 feet of the shore 
span nearest to the tower into a cantilever 
arm. The total cost of this bridge was 
$404,000. 


THE sewer work at the World’s Fair will 
include about 64,000 feet of brick and pipe 
sewers from 6 inches to 3 feet 6 inches di- 
ameter. The Shone hydro-pneumatic sys- 
tem of Chicago, U. H. Broughton, engineer, 
is to be adopted. A plant capable of remov- 
ing and chemically treating 10,000 gallons 
per minute will be erected. 


THE standard type of plate girder bridges 
used upon the Swiss railway lately illus- 
trated in the Exgzneerzng News is interest- 
ing to our engineers from its strong bear- 
ing upon the question of vibration. Amer- 
ican bridge-building leads the world for 
economic and rapid construction. Never- 
theless, the change in external conditions 
which the last quarter century has pro- 
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duced in this continent has modified the 
construction of bridges in some ways, and 
has to some extent occasioned a tendency 
to greater similarity with European prac- 
tice. The Swiss bridge construction looks 
as if it had taken some hints from the ex- 
haustive experiments for reducing vibra- 
tion made on the Berliner Stadtbahn, 
which were described and:illustrated in the 
Street Railway Review of Chicago about a 
year ago. A series of trough girders some- 
what akin to the Lindsay flooring of Eng- 
land acts as rail-bearers and are filled with 
concrete in which the cross-ties are im- 
bedded. It is admitted that this mode of 
construction makes the bridge Io to 15 per 
cent. heavier, but it is claimed on the other 
hand that it reduces the vibration to a 
minimum. It is probable that as regards 
some of the lighter forms of construction 
in America to adopt such a roadway as 
this would make the bridge not 10 but 50 
to 100 per cent. heavier, and yet if the 
bridge cost double at the outset it would 
probably have three or four times the life, 
for it is either vibration or corrosion which 
is the fatal disease of nearly all bridges. So 
large a proportion of bridges are still built 
to serve the transient but important office 
of booming new districts that there are few 
opportunities for building bridges with 
ballasted roadways. The type of Swiss 
construction and analogous methods are 
very well adapted to city bridges under 
heavy traffic, but there is another method 
of obtaining minimum vibration without 
increasing the weight which does not ap- 
pear to have yet come into use. That is 
by the employment of deep rail-beams act- 
ing as continuous girders. Where cross- 
girders are placed, say 10 to 20 feet apart, 
it is possible wzth the same amount of ma- 
tertal in the ratl-bearers to obtain a local 
stiffness of from 8 to 27 times what is ob- 
tained by the ordinary construction. It is 
the same problem as that of the architect in 
getting a house floor combining maximum 
of economy and stiffness. It is easy to 
have two house floors of equal strength, 
and yet one will be from 8 to 27 times as 
vibratory as the other. The use of iron in 
bridges modifies the details of stiffening, 
but the principle is the same, and can be 
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much more effectually reduced to detail. 
The vibration of many a highway bridge 
which destroys the pins and causes the re- 
moval of the whole structure long before 
its time, especially in short spans, is not 
due to lack of stiffness in the main con- 
struction, but to the combination of a very 
inferior flooring which acts like a series of 
springs upon the main structural nodes and 
produces a wave-like motion analogous to 
that produced on unsti‘fened suspension 
bridges by the vertical component (small in 
itself) of wind pressure, but by gradual 
augmentation, extremely detrimental, if not 
destructive, to the bridge. 


THE STEAMER 


THE arrival of the first steam vessel 
bearing an old-country fiag at the port of 
Chicago, via the St. Lawrence and Wel- 
land canals, may be considered a land- 
mark in the history of the future 
“World's Highway.” The Wergeland, 
steel propeller of 400 burden, 
-arrived in Chicago on May 26, from Ber- 
gen, Norway, which port she left on April 
12, She draws, when loaded, between 
thirteen and fourteen feet of water, and 
carried 30,000 barrels of herrings and a 
considerable quantity of cod-liver oil. She 
was received with an enthusiastic welcome 
from the Scandinavian citizens and a salvo 
of steam-whistles from all the vessels in 
the harbor. The only trouble experienced 
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by her was in the St. Lawrence canals, 
where she was forced to unload the greater 
part of her cargo and send it by lighters 
from Montreal to Kingston. This added 
probably $1000 to the expense of the voy- 
age. Her cargo was valued at $35,000, and 
was consigned to Mr. Thorp, of Chicago, 
who looks upon the voyage as, commer- 
cially, an experiment. She touched at 
Portland, England, on April 18, and at 
Surrey, Nova Scotia, on May 4, for coal, 
and arrived at Montreal on May 8, thus 
completing the total distance of 5100 
miles, including all transhipments and de- 
tentions, in forty-four days, or about double 
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the time she would have taken to traverse 
the same distance without obstructions. 
The extra cost would be chiefly in wages 
because during the detentions she would 
not require to burn so much coal as when 
under full steam. 

The opinion is entertained by many that 
the Canadian Government is afraid of 
making the St. Lawrence improvements 
lest they should lose the freight which 
now travels westward from Montreal by 
rail. If so it can only be on account of the 
great influence which these railroad cor- 
porations exercise upon the Government. 
The Dominion itself would unlock thereby 
a floodgate to an interoceanic commerce, 
the dimensions of which it is impossible 
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for the greatest enthusiast to calcalate. 
This commerce would be not only Cana- 
dian, but in much greater bulk from 
United States ports, and a comparatively 
small toll would probably yield a hand- 
some revenue on the investment besides 
opening up the Canadian lake ports all 
along the line. 

If the successful advent of the Werge- 
land does no more, it will demonstrate 
that commerce is pressing hard against 
the physical barriers which still block the 
way in the natural channel from the old 
world into the heart of America. If Canada 
does not speedily undertake the St. Law- 
rence river improvements she may be left 
out in the cold by the United States. The 
cost of developing the Erie or Oswego 
canals would be immensely more than that 
of the St. Lawrence canals, but not pro- 
portionately more than the ratio of the 
wealth of the two nations, There would 
still be much more delay in lockage by the 
American route, but if it came to competi- 
tion for a European commerce, the Ameri- 
can route possessing an open waterway all 
through the winter and assisted by Govern- 
ment subsidies to enable the tolls to be re- 
duced to competitive rates, might be made 
preferable to all old-country vessels bound 
for American inland ports, 


THE first half-year’s operation of the 
Port Huron and Sarnia tunnel appears to 
afford some useful data as regards the 
operation of the “ Beach” or “ Great- 
head” system of underground railways. 
The claim for the cylindrical form, ap- 
proximating to the size of the rolling-stock, 
is that the latter acts like a piston and 
creates its own ventilation. In the South 
London electric railway, where there are 
two tunnels and the air is made to travel 
always in the same direction, the ventila- 
tion, though not as perfect as was expected, 
is sufficient to make the transit quite 
tolerable and very much to be preferred 
to the other metropolitan railways opera- 
ted by steam. At the Port Huron and 
Sarnia tunnel of the Grand Trunk railway, 


where there is a single tunnel, it is report- 
ed that there is a difficulty in getting the 
train-men to work through it. Possibly if 
the United States laws permitted the com- 
pany to bring over some of the train-hands 
of the London Metropolitan lines, they 
would thrive in it, but as it stands the 
company is going to introduce gas-con- 
sumers attached to the locomotives in ad- 
dition to the 2-foot diameter ventilating- 
pipe with Root fans already there. 

It is further claimed for this system that 
no settlements are possible in driving the 
shield, but on the Port Huron side a very 
unsightly crack was produced in a fine re- 
sidence. It is probable that the greatest 
efficiency of this system would be pro- 
duced by following the same general prin- 
ciples as for sewer ventilation, having up- 
cast shafts at the highest points of the 
grade and by causing the air always to 
travel one way, but it is evident that sub- 
terranean travel has not yet attained per- 
fection. For an underground railway of 
two tracks it has been considered a great 
point to be aimed at by some engineers to 
have numerous cross-over roads between 
the tracks, but if good ventilation is to be 
obtained, it will be needful either to cut 
off communication between the tracks ex- 
cept at the ventilating-stations or else to 
devise some other means of ventilation. 


ON the 8th of June the largest vessel 
yet built for the lake traffic was launched 
in the Calumet river at South Chicago. 
She was christened the Warztana, is owned 
by the Minnesota Steamship Co., and is 
designed for the iron-ore trade. Her 
length of keel is 330 feet, length over all 
348 feet, extreme breadth of beam 45 feet, 
and depth of hold 24% feet. The engines 
will be triple-expansion, 24-, 39- and 63- 
inch diameters, with 48-inch stroke. Steam 
will be furnished at 160 pounds pressure 
from three 12x12 boilers. She is designed 
to carry a cargo of about 4000 tons on a 
draught of 1414 feet of water, and at an 
average speed of 14 miles per hour. Her 
cost was $250,000. 
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Conducted by Albert Williams, Jr. 


A N inventive friend contributes a series 

of design-sketches for an “ aérial 
prospecting-car,” which he suggests may 
come into use some time before the year 
1912. He has been reading about Profes- 
sor Langley’s experiments and Mr. Maxim’s 
practical progress toward aérial navigation, 
and quite naturally asks why this mode of 
travel should not be applied to prospecting 
as well as to anything else, thus saving the 
fatigue of climbing high mountains, bump- 
ing along on horseback or driving a pack 
burro. His drawings—it is regretted that 
they cannot be reproduced here—show an 
aéroplane driven by any suitable motor, with 
a propeller screw so connected by a univer- 
sal joint as to steer the craft laterally and 
vertically, accommodating the course of 
flight to the inequalities of ground over 
which it skims, the prospector being com- 
fortably seated in the car and looking out 
for croppings while he enjoys his pipe at 
ease. The machine isto be provided with 
adjustable stilts for alighting on uneven 
spots, and the aéroplane is to foldup when 
landing under trees. Another view ex- 
hibits the prospector leisurely examining, 
while in flight, the piece of float which he 
has just picked up, while he keeps the cor- 
ner of one eye open for the ledge from 
which it came; and still another picture 
shows a whole fleet of these prospecting 
cars hovering over a new district where 
“every prospect pleases.” Truly a sybaritic 
way of doing what in these primitive days is 
accomplished only by dint of the hardest 
kind of hard work. 


THIS whimsical conceit, for of course it is 
only put forward as such, may be taken, 
however, as a jest in sober earnest, if we 
look into it a little. It even may be said to 
carry with it what might be called a great 
moral lesson. Prospecting in the Far West, 
as conducted hitherto, no matter at what 
hardships, privations and risks, nor with 


what zealous care, has been for the most 
part literally a skimming over ofthe surface, 
as is conclusively exemplified every once in 
a while by the finding of irnportant ore de- 
posits in and about old districts, in places 
where mining is now being carried on or 
has been abandoned, and where the coun- 
try has been tramped over time and again 
by former prospectors. Witness Cripple 
Creek, which must have been gone over by 
many from the time of the first Pike’s Peak 
rush ; Copper Rock, in the near neighbor- 
hood of flourishing mining enterprises ; 
Creede, just alongside the old abandoned 
Sunnyside district, and scores of other finds 
made in different parts of the mining re- 
gions during the last few years. Certainly 
an untrodden field presents advantages to 
the prospector, yet the territory nearer at 
home is never altogether exhausted. 
Prospectors generally have an antipathy 
to revisiting deserted camps, but it 
is fairly to be believed that in the num- 
berless districts which in early days at- 
tracted transitory attention, were scratched 
over a little, and then given up after 
too hasty examination, there is still 
plenty of room for valuable finds. Or, 
take the case of some of the older camps, 
especially in Nevada and Utah, which came 
into being shortly after the first discoveries 
had given an impetus that sent prospectors 
searching far and wide, where discoveries 
were made of sufficient importance to lead 
to regular mining, often to considerable 
extent, whose sites are now marked only 
by wrecks of expensive hoisting-works and 
mills, and where after heavy losses the 
original owners gave up in despair. Is it 
so sure that even this amount of negative 
evidence is absolutely conclusive? In the 
neighborhood of Silver City, Idaho, are 
now to be seen two noteworthy illustrations 
among many which might be chosen as in 
point. One is the Delamar group of mines, 
discovered so many years after the occupa- 
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tion of the Owyhee region, showing that 
the ground in all the time since 1863 had 
not been thoroughly prospected even at the 
surface. The other is the recent rehabilita- 
tion of the Poorman mine, where reopen- 
ing of the old workings and slight new 
work brought to light an important ore 
body which the former miners had missed 
by barely a few feet. When such occur- 
rences are likely to be met with, as they so 
frequently are, in places still inhabited and 
where mining is being steadily prosecuted 
in the vicinity, it seems that at least equal 
chances might be looked for in some of the 
wholly deserted camps now so persistently 
shunned. Of course it is hardly the busi- 
ness of the prospector to attempt reopen- 
ing old mines, and for this he seldom has 
the means; but he might, instead of regard- 
ing them as beacons warning him to keep 
away, accept them as evidence that at some 
former time enough was found there to 
encourage his predecessors in working. If 
the vicinage has lain under taboo for years, 
so much the better for the new-comer. 


THEN, too, as to the reoccupation of 
abandoned mines or districts, there is a 
consideration entirely apart from the ques- 
tion of finding new ore bodies. In former 
times the metallurgic art was in a very im- 
perfect stage, and many disappointments 
should be ascribed to this score ratherthan 
to failure of the mines, though this vital 
distinction is not always recognized. Crude 
attempts were often made to treat ores by 
the raw amalgamation process, which was 
wholly unsuited to them ; or by amalgama- 
tion after dry-crushing and chloridizing- 
roasting, which might get out a fair per- 
centage of the metal, but at a prohibitory 
cost. Or smelting-furnaces were built to 
work ores of a single mine or district which 
could not be profitably treated alone, the 
result being technical or commercial fail- 
ure, commonly both. Concentration was 
seldom practised until a period compara- 
tively recent, for at first in many cases there 
was no available market for the concen- 
trates, and with inferior transportation fa- 
cilities it was not then practicable to or- 
ganize great smelting centers commanding 
a variety of ores and cheap fuel and flux, so 
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that there was no great incentive for put- 
ting up concentration-works at mines 
where now they would make all the differ- 
ence between profit and loss. A frightful 
amount of money was wasted in misdirected 
efforts to reduce ores on the spot, attested 
by the still remaining ruins of costly but 
inefficient metallurgical plant. These fail- 
ures not only stopped “mining in such 
places, and tended to disparage localities 
known to be mineral-bearing, but discour- 
aged prospectors from further search in 
the same regions. There are to-day num- 
bers of these deserted camps which pros- 
pectors fight shy of, avoiding them because 
of the notion that they have been tried and 
found wanting. Now that the conditions 
are so different, they are worth re-examin- 
ing. With vastly cheaper supplies and 
some reduction in wages, with improved 
means of transportation either at once 
available or readily afforded by railway 
extension whenever enough is uncovered 
to promise a paying freight traffic, and 
more than all with the far better under- 
standing of how to utilize ores to the most 
advantage, the situation is indeed changed. 
This amounts to the presentation of what 
corresponds to entirely new areas for pros- 
pecting; for besides the mines partially 
developed and then abandoned, the adjoin- 
ing territory, long neglected in favor of 
newer fields, has hardly been touched. 


THERE is still left in this country an 
enormous amount of ground which cannot 
be called wholly unexplored, but which was 
at first only hurriedly run over in the 
search for placers (which are easily found), 
or where in later times only some of the 
more striking outcrops or quantities of 
float that could hardly be missed have re- 
ceived notice. Ten years, fifty years, a 
hundred years from now, people will be 
saying that the prospectors of 1892—and 
there are perhaps as many out at present 
as ever before—were merely skimming the 
ground and thatthey might almost as well 
have availed themselves of our aérial pros- 
pecting-car. It is not for lack of earnest- 
ness, nor altogether because there is insuf- 
ficient knowledge of the art. The difficulty, 
if such it may be termed, is rather in the 
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magnitude of the field, which incites to 
superficial examination and distracts atten- 
tion from closer work. An area ten miles 
square might be picked out in any number 
of favorable localities that would give an 
active prospector scope enough for a life 
work, even though he should not in any 
spot get much further than the surface. 


THUS far we have had in mind as the 
ores to be prospzcted for only those sup- 
posably recognizable to the eye by men of 
ordinary experience ; and these, as every 
miner knows, are but a part of the wide 
range of useful minerals. Of the precious- 
metal class, forming the main object of 
search, a large proportion of occurrences 
are obscure; while outside of that class 
and the usually associated minerals, besides 
coal, iron ore and a few other common 
substances, there is still greater uncer- 
tainty. The most skilful mineralogist is 
often at a loss to judge of the value of 
most ores on mere inspection, not of 
strange ores alone, but of that large class in 
which the valuable content is hidden in a 
mass of base material, giving little clue to 
Ores, 


the tenor of the metal sought for. 
as a rule, do not resemble cabinet speci- 
mens such as are provided for students in 
mineralogy to practice their skill in iden- 


tification upon. In these the ore minerals 
are usually well crystalized and stand out 
distinctly from each other and the useless 
gangue, so that they often may be identified 
on sight. But with the bulk of ores, as 
they are found in nature and not in the 
museums, the different minerals are inti- 
mately mingled together and finely dis- 
seminated through the gangue, so that it is 
only by close scrutiny that the components 
can be detected in determinable condi- 
tion ; while the prospector has the added 
- disadvantage of having to deal with them 
in their decomposed and weather-worn 
state. Hence the assayer isa safer guide 
than the mineralogist. The acute pros- 
pector, knowing that he cannot rely on his 
unaided eyesight and simple tests alone, 
will have assays made of whatever he 
thinks promising, if he can afford them. 
Yet, since the assayer is told to look only 
for certain things (usually gold and silver, 
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or these and lead and copper), the exami- 
nation thus made covers only the precious 
metals and their two most important as- 
sociates. So that, after all, if complete 
knowledge of supposed ores is desired, the 
fire assay needs to be supplemented by 
other chemical and mineralogical tests. 


As between the scientific expert and the 
regular prospector in a competitive search 
for mineral, it would be pretty safe to bet 
on the latter everytime. Itis a pity that 
his acquaintance with mineralogy and 
geology is no greater than it is, for he 
certainly would be none the worse for a 
little more “ book larnin’.” But he has an 
instinct for finding ore which is not easily 
explainable and sometimes seems to be in- 
dependent of both knowledge and the rea- 
soning faculty; for his conclusions often 
rest, if you take his own word for it, upon 
some very queer notions. It may be that 
continued observation renders his mind 
suscepible to guiding influences and capable 
of a train of unconscious cerebration on 
lines which he himself does not realize. 
However that may be, it would appear that 
an experienced prospector, besides such 
practical qualifications as endurance of 
fatigue and familiarity with the diamond 
hitch, possesses other less evident traits of 
some sort that in part take the place of 
systematic training. Schools for miners 
in some of the Australasian colonies and 
elsewhere attempt to teach the elements of 
determinative mineralogy (of the useful 
minerals at least), and if our prospectors 
had the advantage of this instruction they 
would be all the better equipped for their 
work, Yet, if the functions of the pros- 
pector and the expert cannot be combined 
in one person, the one can be supplemented 
by the other. A prospecting party made 
up of three or four men, of whom one 
should have a technical training, might be 
the best expedient, The latter should be 
an assayer and at the same time, if not a 
professional mineralogist, competent to 
make determinations of minerals and 
having some idea of field geology. He 
should have a portable outfit for fire assay, 
a blowpipe kit, and some other testing ap- 
pliances. He would remain in camp, oc- 
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cupied in assaying and otherwise testing 
the material brought in by the others; and 
they, having this resort at hand, need not 
be niggardly in taking specimens and 
samples of everything promising or un- 
usual. A party thus organized ought to 
do good work. 

This recalls a recent report that a party 
of explorers in Montana were to take the 
field with a novel prospecting outfit, com- 
prising a portable electric core drill, light 
enough to be carried wherever a light 
wagon can be hauled, with a 5-horse-power 
boiler, engine, generator, tripod, diamond 
drills, wire, etc., the intention being to 
place the engine and boiler at a water 
source and transmit power thence to the 
points selected for drilling. The outfit, 
costing some $3000, is said to have a sink- 
ing capacity for 2000 feet. It is not stated 
what the objects of the party are, if any 
definite objective is in view. For coal, 
iron ore, silver-lead deposits in limestone, 
and indeed for underground prospecting 
in general, the diamond drill is a great 
thing. This is the first time that such an 
equipment has been taken into the field, 
away from a base, as far as known, and the 
result of the enterprise will be awaited with 
interest. [tis a good idea, though beyond 
the means of most prospecting parties. 


RECENT installations of complete elec- 
tric plants for mines have turned attention 
more critically to the compressed-air 
system, which has been called by an elec- 
trician the only probable competitor of 
electricity in certain branches of mining 
work, The competition is likely to develop 
great improvements in both. The electric 
equipments of the Queen of the Hills, 
Virginius, Ute and Ulay, Gold King and 
other mines have been described at length 
in the technical press. The largest com- 
pressed-air plant in this country is at the 
Chapin iron mine, Michigan, where the 
power is generated at Quinnessee Falls 
and transmitted three miles. Wherever 
water-power is available within a reason- 
able distance it will obviously take the 
place of steam in most new equipments of 
any magnitude, if the managers are dis- 
posed toward economy. It is seldom that 


it can be applied directly in driving mining 
machinery, though there are a few mines, 
notably in California, where the Cornish 
pumps, and even the hoists, have been run 
by water-power, applied by turbines or 
impact wheels, and there are exceptional 
cases, as on the Comstock, where, by 
utilizing a deep drainage adit for discharge, 
the water can be taken down a shaft to 
run impact wheels within the mine itself, 
though there electrical transmissicn is 
resorted to. Asa rule, water-power is in 
direct use only at the mills, which are then 
placed below and often at considerable 
distances from the mines. Since this 
source of power is generally more or less 
remote from the point of application at 
the mines, the energy has to be trans- 
mitted, and electricity has here great ad- 
vantages over wire-rope transmission, 
which is inadmissable for this purpose 
except for short connections. Compressed 
air is not, with the exception of a very few 
examples like that of the Chapin mine just 
cited and some tunnel work, transmitted 
any great distance over the surface for 
mining, but is made at the shaft-house or 
tunnel mouth by compressors driven by 
steam and thence sent under ground in 
iron mains and rubber feed-pipes to run 
the drills, and less frequently pumps and 
“baby hoists” in winzes. Electricity can 
be transmitted several miles at a loss of 
only 20 per cent. and from that upward, 
depending on distance, voltage and size of 
conductor. The usual loss with compressed 
air, in ordinary use, is much larger. Pro- 
fessor Kennedy, in his report on the 25,000- 
horse-power compressed-air installation at 
Paris says that the system there is now 
being operated, on a large commercial 
scale, in such a fashion (admitting of con- 
siderable improvement) that a small motor 
four miles from the central station can 
indicate in round numbers Io horse-power 
for 20 horse-power at the station itself. In 
this case, as in other installations in 
France, Germany and England, the air is 
reheated before used. Mr. William L. 
Saunders, in a lecture before the Franklin 
Institute (published in the Journal of the 
Institute for May, 1892), presented a 
masterly review of the present status and 
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possibilities of compressed air, in which he 
says—after admitting that the loss of power 
in common practice where compressed air 
is used to drive machinery in mines and 
tunnels is about 70 per cent. (where com- 
mon compressors are used and the air is 
transmitted far enough to lose its heat of 
compression and is exhausted without re- 
heating), and with the best compressors, 
but without reheating, about 60 per cent.— 
that these losses may be reduced as low as 
20 per cent. by combining the best systems 
of reheating with the best compressors. 
Every one interested in mining machinery 
should read Mr. Saunders’s analysis of the 
causes of this loss of power in air trans- 
mission, which are not mainly the friction 
and bends in pipe and leakages, as is com- 
monly supposed, since after the air has 
traversed several thousand feet the press- 
ure (by gage) at the delivery end is but 
little below that at the compressor, and 
reduction of the friction in the pipe de- 
pends upon providing a large enough 
cross-section area in proportion to the 
volume of air carried. It is chiefly a ques- 
tion of thermodynamics, the loss of power 
varying with the waste, during the long 
transit from compressor to machine, of the 
heat energy imparted in compressing the 
air; to which is added engine friction such 
as would result with any other system, and 
the mechanical losses in transmission 
mentioned. This view will surprise many, 
and is not altogether in accordance with 
the formulz usually accepted for air fric- 
tion in pipes; but Mr. Saunders gives 
proofs as well as cogent reasoning in sup- 
port of his position. As air parts with its 
heat rapidly, covering the pipe would be 
ineffectual. The remedy, Mr. Saunders 
thinks, is to be found in reheating the air 
at or in the air-engine (that is, the drill, 
-pump or other motor), for which a variety 
of methods are applicable at very low cost, 
by which an increase of efficiency is gained 
that is almost paradoxical. Whether this 
gain would not be morethan offset by dis- 
advantages arising from adding tothe heat 
in mines and increasing the combustion 
products if coke, charcoal or “ sestalit”’ is 
burned, is debatable. The electric resist- 
ance-coil for reheating the air would be 
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least objectionable, though it would hardly 
pay to run a special wire for that purpose 
alone. There is no doubt that, for surface 
use, the reheating plan has great merits. 


MINING use of any machine, appliance 
or system involves a new set of conditions 
and requirements beyond those which ob- 
tain in other applications. In some direc- 
tions successful mining work hinges upon 
the minutest economies ; in others there are 
considerations which outweigh cost of ma- 
terial or loss of power. In general, dura- 
bility (or rather reliability) and adaptation 
to the special purpose in view are the prime 
essentials, and for machines working under- 
ground, where space and the choice of 
power are limited, light weight and com- 
pactness are very important. The question 
of saving in first cost and in running ex- 
penses must sometimes be waived. For- 
tunately, it often happens that efficiency 
and economy go together; or it may be 
that there is such a surplus of power avail- 
able as to excuse theoretical wastefulness. 
Mines differ so much among themselves 
that for each particular case special study 
is required in selecting the equipment, and 
general statements have to be ventured 
with reservations. As to compressed air 
underground, it performs the very impor- 
tant secondary function of assisting venti- 
lation; and in the case of the power drills 
the exhaust is delivered just where wanted, 
at the working face. In many mines, other 
than coal mines of the fiery kind, if com- 
pressed-air drills, pumps and winze hoists 
are used, blowers or fans may be dispensed 
with ; and this consideration has often had 
much to do with their introduction. For 
drilling, compressed air is almost always 
more economical (as well as effective) than 
hand-labor; on the large scale of opera- 
tions very much more, notwithstanding 
theoretical waste of power. Until lately 
it had a monopoly in driving percussion 
drills underground, though for open quarry 
work steam was also used. Now that the 
electric drills have been introduced, though 
as yet in but small number, competition is 
beginning. The electric percussion drills 
are not yet altogether satisfactory, but 
when a mine has been equipped with elec- 
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tric plant for operating its other machinery 
and forlighting, itis natural that the mana- 
gers should wish to use electricity for all 
purposes to which power can be applied, and 
be willing to strain a point sometimes. Mr. 
Saunders, who stands up manfully for the 
compressed-air percussion drill (in which 
we agree with him, (for it has certainly been 
brought to a high pitch of development), 
believes that its advantages may be re- 
tained and the loss of power decreased by 
combining the electric engine with the air 
drill—that is, if electric power can be 
brought several miles and delivered under- 
ground at an efficiency of 80 per cent. then 
by putting in an electric engine to operate 
an air compressor as near the drills as pos- 
sible, the latter could be run with but little 
thermodynamic loss. The compressors so 
arranged would take the mine air, or could 
be supplied by inlet ducts from the outside, 
which would give better ventilation, At 
first glance this looks like rather a round- 
about way of solving the difficulty, but 
stranger things have been done. It might 
serve, pending further improvements in the 
electric drills (which, however, the makers 
are sanguine of effecting), in connection 
with other electric plant; but where steam 
is used for pumping and hoisting, the sur- 
face compressor and the usual supply-pipes 
have still a strong hold. The electric hoist 
underground is as simple an affair as the 
electric hoist at the shaft mouth; and the 
electric pump, though comparatively a new 
thing, is said to give satisfaction. Com- 
pressed air has been used to drive both of 
these machines, in mines where it was em- 
ployed also for the drills, and with great 
convenience though not economically. 
Both it and electricity are far preferable to 
steam carried underground to pumps and 
winze hoists. 


SELDOM do accidents in metal mines 
reach the proportions of the appalling disas- 
ter which occurred in the Birkenberg silver 
mine at Przibram, Bohemia, on the Ist of 
June, where, while a force of miners were 
below, a fire started which cut off the 
escape of four hundred men, who, unableto 
reach the shaft, perished miserably. When 
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the timbering in a metal mine becomes 
ignited, sufficient time is usually allowed, 
if not for extinguishing the fire at its in- 
ception, at least for warning and saving the 
men underground ; and often great damage 
to property is unaccompanied by loss of life. 
Disasters like that at Przibram are immi- 
nent only in mines of considerable extent 
of workings and containing masses of old 
timbering, and occur when fire starts at 
such a point and gathers such uncon- 
trollable headway as to intercept those 
working beyond it. 

The conspicuous gallantry of the rescu- 
ing parties in the Birkenberg mine fur- 
nishes one more illustration of the fortitude 
with which miners are ever ready to risk 
and lay down their lives for their endan- 
gered comrades. None can read the ac- 
count without feeling a thrill of admira- 
tion. It is only when some such catastro- 
phe as this makes a stir that people realize 
that heroism is not confined to battle-fields, 
shipwrecks and conflagrations of buildings. 
The mines are full of unaccredited heroes. 
The every-day risks of the occupation educe 
traits which in times of emergency are 
manifested in quiet, undemonstrative self- 
sacrifice. When fatality is averted, the inci- 
dent passes unnoticed. Butif an accident 
results in a tragedy, the telegraph and the 
printing-press bring it, for the moment, 
before the people, who while according 
generous praise look upon bravery as an 
attribute only to be expected of the miner, 
as it is a pre-assumed characteristic of the 
soldier, the sailor and the fireman. 


ON the same day, June 5, two very 
serious disasters happened. During a 
flood rise of Oil creek, in the petroleum 
region of Pennsylvania, explosions of oil 
tanks and the burning of floating oil made 
a complication of terrors. Great damage 
to property at Oil City and Titusville was 
done, and many lives were lost. Simul- 
taneously the greater part of the new silver 
mining camp of Creede, Col. (described 
and illustrated in the June number of this 
magazine) was being destroyed by fire, the 
loss being nearly $1,000,000, with but little 
insurance. 
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MACHI 


Conducted by Albert D. Pents. 


HE item of labor being that of greatest 

cost in ordinary manufacture, and it 

being the one that submits most readily toa 
substantial reduction by the use of modern 
mechanical equivalents for manual oper- 
ations, it is obvious that manufacturers 
will find their interests better served by a 
devoted attention to their tool-plants than 
by a continual study of their power-plants 
exclusively. It ismo uncommon occurrence 
to reduce the cost for labor in an operation 
by 25 percent. solely by the use of machine- 
tools of improved design bought from the 
general market. I have known instances 
where go per cent. of the cost for the labor 
-on hand operations was saved, where the 
part on which the operations were made 
was remodelled, special tools designed to 
do the work, and the operation put on 
piece-work ; and presume similar savings 
are noted in the experience of many other 
tool engineers. It is admitted, however, 
that it requires more work to design a new 
tool which may be relied on to effect a 
saving commensurate with its cost than to 
watch the coal-pile, and that the designing 
of tools necessitates some special practice 
and training. Still a few experiments with 
the more advanced modern tools such as 
can be bought in the general market will 
indicate in what lies the greater economy. 


AN acquaintance of Diiddler some 
months ago became interested in an in- 
vention and took the model and draw- 
ings to the latter’s shop to get his opinion 
‘of it as an expert mechanic. Diiddler 
thereupon spent half a day in confirming 
the general opinion that his acquaintance 
was quite sound financially. Then he 
looked the device over in company with 
his foreman and he persuaded that person 
that it was a good thing; or at least it 
would be good if it was to be made at 
Diiddler’s. That invention is still there, 
where four men at sixty cents an hour 


have been working at it until within a 
week or two. It is, however, now perma- 
nently laid aside as a failure. The acquaint- 
ance damns all inventors, pays his last bill 
and departs; Diiddler, however, is com- 
placent. 


BLUNT, some years ago, found that his 
shop—then a smaller affair than it is to- 
day—had become stagnant. He was 
making money, feeling “good” and in- 
clined to be generous to his employés. 
His men were satisfied, steady and loyal. 
They all worked along in the groove to 
which they were habituated and each pro- 
duced about so much good work every day. 
One morning the mail brought the news 
that Keen, who made the engine that 
competed, had cut his prices so much that 
unless something was done to meet it 
Blunt's shop would have to close or lose 
money. That afternoon Blunt went to the 
city and carefully examined one of Keen’s 
new engines and was both surprised and 
humiliated to find that it was a better ma- 
chine than his own. It had a whole suit 
of new improvements, patented of course ; 
it had new patterns throughout, the whole 
design harmonized well, making a symme- 
trical appearance, and it was warranted to 
be more efficient to an alarming degree. 
The only drop of comfort that Blunt could 
get out of this condition of affairs was that 
Keen was not quite ready to take orders 
for the immediate delivery of more than 
one size of engine. During the next 
month, one after another, there came six 
new draughtsmen into Blunt’s office. Then 
his pattern-shop was filled with the best 
help he could find, and much work of this 
character was sent out to jobbing-shops. 
It took three years for Blunt to catch 
Keen, and it cost him a great deal of 
money; but it has taught him that no 
manufacturer can afford to go to sleep in 
prosperity. 
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THE engineer makes the machine but 
the manager makes the money. Manage- 
ment consists more in an infinite multi- 
tude of things adapted to take advantage 
of the circumstances of special occasions 
than in following any stated plan to its 
finish. Hence it is more a continual ex- 
ercise of an alert good judgment than a 
methodical and cautious course of prudent 
consistency. Good managers, if they are 
enterprising, often make mistakes, for he 
who makes no mistakes makes nothing, 
but they have the faculty to transform de- 
feat into victory, to change front and 
attack after a repulse, or to cover a retreat 
so that defeat is not annihilation ; or, they 
are ready to follow up an advantage by 
another attack, to urge the manufacturing 
end or head so that smaller costs continu- 
ally follow increased economy of produc- 
tion, and to drive the commercial end along 
so that greater profits accrue from increas- 
ed sales at satisfactory prices. The mana- 
ger can have but one grand object, and 
that is to conduct the business success- 
fully; but he must have infinite resources. 


IN packing machinery for sea voyages 
that are to extend over a long period of 
time, it is always to be feared that the iron 
and steel parts, especially if they are bright, 
will be damaged by rust due to the vapors 
arising from sea-water. White lead is 
often used to smear the bright parts with, 
but if the voyage is to be through torrid 
climates the lead in drying will become so 
solid and hard that it is removed with 
great difficulty if without injury to the 
surfaces. The cylinder oils and the greases 
that are prepared for smearing purposes 
from petroleum products sometimes fail to 
retain their hold on bright surfaces ina 
continued high temperature such as would 
be experienced in a voyage to Brazil, Chili, 
South Africa, or Australia, and such parts 
as become bare will rust. It is doubtful if 
anything which can be applied cold will 
retain its hold if it is not of such a character 
as to harden like a varnish or paint to the 
surfaces it covers, in a hot climate. Now 
because one fact of experience is worth a 
thousand theoretical conjectures it may be 
well to state how hundreds of thousands 


MACHINE-SHOP NOTES. 


of fine machines have been sent to Aus- 
tralia, arriving there in perfect order as far 
as rust was concerned and without being 
smeared with anything farther than what 
is needed for the domestic trade. This 
method is entirely a matter of the box or 
case in which the machines are packed. 
The bottom, top, two sides, and two ends 
of the box are first formed as independent 
pieces, of kiln-dried pine lumber, and each 
one cleated so that they hold together as 
separate pieces, and the cleats are placed 
so that they reinforce the box when it is 
nailed together. In very heavy cases these 
cleats entirely surround these sides, etc., 
making a panel of each of them. When 
these elements are finished, so that they 
would make a neat box if they werenailed 
together, each is painted on the flat inner 
sides with a coating of hot rock asphaltum, 
which melts at about 214°. Then at once 
on to each of these coated surfaces is 
pressed a sheet of thick tough paper, which 
of course sticks firmly to the pitch. These 
sheets of paper are so shaped that their 
edges shall be held within the joints of the 
box when it is nailed together. Thus each 
of the two end sections will have paper 
turned over their four edges; each of the 
two side sections will have it turned over 
the two edges that receive the cover and 
bottom sections only; and the bottom and 
cover have the paper laid only on their flat 
sides and not turned over the edges at all. 
Then a second coat of the hot pitch is ap- 
plied to all the exposed surfaces of the 
paper on all pieces except the cover. It is 
nailed together while hot and the joints 
are carefully payed with additional pitch. 
Into this case the goods are placed and 
protected with wrappings, then the cover 
is coated with the pitch and nailed on. 
This is the best form of “tar-lined” box. 
Cotton thread is often sent to sea in boxes 
lined with tin soldered tight; tea is always 
shipped from China in lead-lined chests 
and small parts of machines might be sent 
in such boxes as these ; but in large cases 
this metal lining probably would be found 
too expensive. 


THE cost of manufacture depends, in 
modern practice, inversely on the quantity 
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required to be made of any one thing 
within a given time. For instance,a com- 
plicated, knurled-headed and necessarily 
very accurately sized screw, perhaps two 
inches long and one inch in diameter, 
would cost $3 each for labor if made one 
at a time with the tools guided by hand in 
an engine-lathe, but if 50,000 of them were 
wanted in a year, an automatic screw-ma- 
chine could make them for less than two 
cents each for labor alone. 


THE same quality of foresight which 
provides materials for next month’s work 
should lead manufacturers to provide 
skilled mechanics for the next generation 
of workmen. If boys in machine-shops 
had not in the past been’a paying kind of 
labor it is extremely doubtful where or how 
machinists would have been instructed in 
that which they are expected to know, At 
present there are rather more skilled work- 
men than there is employment for, owing 
to the rapidly-increasing use of self-guiding 
tools that require no mechanical skill to 
use them and which may as well be opera- 
ted by one person as by another after a few 
hours of instruction. But these men who 
now are in abundance will grow old, and the 
trades unions are limiting the number of 
apprentices. Hence, unless there is other 
provision now made for the education of 
their successors there will in time be a 
scarcity of good men and an era of high 
wages that will be very gratifying to such 
men as then may have a sound practical 
training. 


EXPERIMENTS made several years ago 
convinced me that both ends of a milling- 
machine spindle could be used advanta- 
geously, and two operations could be 
done on it together, thus effecting a sav- 
‘ing. While one cut was being opera- 
ted on a piece in a fixture on one end of 
the machine, the piece that had been cut 
on the other end could be removed and 
another could be inserted. The chief dif- 
ficulty in thus running a spindle continu- 
ously while work is being returned under 
a moving cutter is that the previous cut 
will be marred and the cutter itself will be 
injured. If, however, each slide can be 
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arranged so that it will drop when it is. 
moved backward, and rise, when it is fed 
forward, like the four-motion feed of a 
sewing-machine, this objection will be 
overcome. The mechanisms to do this in 
a number of ways have been designed for 
other things, and it strikes me that this 
modification could be effected easily by any 
good mechanic. 


AFTER engineers have become tired of 
all kinds of complicated and expensive 
bearings for machine-spindles they will all 
come to the conclusion that the cylindri- 
cal bearing is best if it be housed within a 
split journal box. Furthermore in most 
cases they will prefer a cast-iron journal. 
When, however, they prefer something 
better, it will be a bushing within this split 
journal box of hardened steel flanged on 
one end to meet the greater thrust, This 
hardened bushing will doubtless be split at 
the point diametrically opposite the split 
in the housing of cast iron. 


A REAL-ESTATE lawyer and a mechanical 
engineer both do business in New York 
City and they are neighbors and acquaint- 
ances inthe country. The lawyer not long 
ago had made a blue-print frame to copy 
maps and other tracings that come into 
his temporary possession. He had diffi- 
culty in getting clear lines, and on the 
train one morning he stated his trouble to 
the engineer who explained the necessity 
of a close contact of the tracing to the 
sensitized paper over the whole surface. 
Presuming on this assistance, the engineer 
a month afterward asked the lawyer a legal 
question relating toa leasehold. The legal 
man could not answer on board the train 
and invited the engineer to his office, 
where the desired information was given 
in ten minutes. On the first of the next. 
month the lawyer sent in his bill for the ad- 
vice. Then the engineer sent in a bill for: 
a similar sum for his advice. The lawyer 
says it is “ridiculous—friendly talk on 
the train—don’t remember much about it,. 
but never heard of a bill for a little simple 
thing of that kind.” Now why is it ridic- 


ulous for a mechanic to charge reasonably. 
for, professional advice ? 
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4604. Fuel Gas as Viewed Through a Coal Gas 
Man’s Spectacles. K.M. Mitchell Ibid.) 2300 w. 

*4721. The Use of Oil for Carburetting Gas. Vivian 
B. Lewes (G W-May 28.) 3000 w. 

*4722. Notesonthe of Coal Gas with 
Liquid Hydrocarbons. T.S. Lacey 4000 w. 

#4723, oe Value of Various Oils for 

Llewellyn Pryce (Ibid.) 


Wm, A. 


Enriching Coal Gas. E. 
2500 w. 


Pa Gas for Heating and Cooking (Met W-June 
.) 8800 Ww. 

*4823, The Technology of Water Gas. Arthur 
Paddon and Thomas Goulden (G W June 

) 

*4824. Oilin the Manufacture of Gas. Discussion 
before the Incorporated Institution of Gas Engin- 
eers (Ibid.) 7900 w. 


HYDRAULICS, 


*3435. A New Method of Hydraulie Propulsion. 
Ill. Alexander Vogelsang (Eng L- April 8.) 850 w. 

*3450. Waterworks Fittings and Appliances. IT. 
A. Fairlie Bruce (M W-April 8.) 1000 w. 

3506. A Large Water Softening Plant. 
April 16.) 3100 w. 

3707. Fort Worth’s Water 
Hawley (F W-April 30.) 1500 w. 

+3745. The Newport taal Supply. Thomas M. 
Drowne (San-May.) 5000 

*3845. The Minimum Size ot Water-Mains and the 
Laying of Mains, Hydrants, ete., for the Protection 
of Property from Fire. “Inspector” (J G L-April 
26.) 2000 w. 

3895. Water-Wheel Gates, Guides 
John B. M’Cormick (M R-May 6.) 2700 w. 

4080. The Covered Water-Works Reservoir at 
Franklin, N H. Dll. (E N-May 12.) 1700 w. 
PP London Water Supply. Editorial (Misc.) 

+4200. Some Reasons Why, in Designing and 
Operating a System of Water Works for the Do- 
mestic Supply of « Municipality, Provision Should 
Not be Made for furnishing Water Therefrom 
Under Pressure to Operate Elevators and Other 
Motors. J. Nelson Tubbs (J NE W-June.) 5400 w. 

+4201. Economy in Water Works Management. 
Solon M. Allis ([bid.) 1600 w 

+4202. The Fric nag Head i in a Foree-Main. F.F. 
Forbes (Ibid.) 2300 

+4203. Standard Specifications for Water Works. 
E. H. Gowing (Ibid.) 6500 w 

+4204. Sixteen-Inch Direct River Pipe and Its 
Effect upon the Taunton Supply. George P. Chace 
(Ibid.) 1600 w. 

+4205. An Experience with a Water-Meter. L. 
A. Taylor (Ibid.) 450 w. 


+4206. Description of a ba to supply the City of 
=, Mass. Ill. Frank L. Fuller (Ibid.) 
w. 


+4207. Laying a Thirty-Inch Supply Main. S. P. 
Griffin (Ibid.) 650 w. 


Hl. (EN 


System. John 


and Cases. 
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257. Particulars in which Municipal Officers 
Should Protect the Municipal C sorporation in Grant- 
ing Water-Works Franchises to Private Companies. 
J. Nelson Tubbs (E N- May 19 ) 2300 w. 

4258. Protection of Exposed Water Mains Cross- 
ing Bridges. Ill. 8S. E. Babcock (Ibid.) 2300 w. 

4269. Water Pressure and Water Distribution. 
Peter Milne (F W-May 21.) 2100 w. 

4°75. Extract from a Paper on Tangential Water 
Wheels. Ill. Ross E. Browne & M R- May 21.) 
1800 w. 

4400. The New Water for Atlanta. 
Richards (E N-May 26.) 1900 w 

4104. Notes on a Problem in Water Power. 
Richards (1bid.) 1900 w. 

4411. Gates on Force Mains. 
1000 w. 

4463. The Water Supply of New Orleans. 
Metz (F W-May 28.) 1400 w. 

4464. Combination System of Meter Rates. James 
P. Donahue (Ibid.) 1500 w. 

“4469. The Royal Commission on the London 
Water Supply (E-May 20.) 1400 w. 

*4470.  Sand- Washing Apparatus for Filter Beds. 
Ill. (Ibid.) 500 w 

*4477. The Birmingham Water Supply Bill (1bid.) 
1260 w. 

+4561. Formula for Water Power. 
bridge (S M Q-April.) 300 w. 

*4595. La Pompe Centrifuge 
Il. Henri Maury (G C-May 21.) 1700 w. 

4609. The New Croton Dam for the New York 
Water Supply. Hl. (E N-June 2.) 2200 w. 

4614. Some of the Circumstances Affecting the 
(Quality of a Water Supply. Geo. F. Rafter ([bid.) 
2400 w. 


W.G. 
John 
CB. Brush (Ibid.) 


W. P. Trow- 


& Vapeur Invin- 


4638. Reservoir Dams. W. B. Rider(F W-June 


4.) 1900 w. 

*4670. The Water Resources of London. Editorial 
(Eng L- May 27.) 1400 w. 

*4746. Installation de Filtrage des Eaux & Li- 
bourne. Til. F. Delannoy (G C-May 28.) 1800 w. 

4734. A Few Simple Sugge' ations. as to Water 
Supplies and Their Use and Abuse. C. Monjeau 
(F W-June 11.) 3100 w. 


INDUSTRIAL CHEMISTRY. 


*3408. Sur l’Essai des Minerais d’Antimoine. Ad. 
Carnot (M I-April 5.) 1000 w. 

*3409. Sur les Carbures Pyrogénés Formés dans 
I'Industrie du Gaz Comprimé, A. Brochet (Ibid. 
90 Ww 

3511. Azoimide, The New Sodium Salt, ns Most 
Hi glily Explosive Substance Known. A. E. Tutton 
(R P-April 15.) 3500 w 

#3622. The Chemical and Physical Properties of 
Rosin Oil (El April 15.) 1000 w. 

3772. A New Process for Separating Carbonic 
Oxide from Water Gas. Henry 8. Blackmore (P A- 
May 2.) 2600 w. 

#3923. Reeent Advances in Physical Chemistry. 
W. Ostwald (Mise.) 5500 w. 

#3942, Discovery of a New Element (C T J-April 
30.) 700 W. 

+3971. Notes upon the Estimation of Chlorine = 
Solutions. L. M. Norton Q-Dee 

400 W 


#3983. The Chemical Changes Attending Photo- 
graphie Operations. I. The Theory of Develo 
ment in Relation to the Essentially Electrolytic 
Character of the Phenomena and the Nature of the 
Pnotographic Image. Henry E. Armstrong (B J P- 
April 29.) 4000 w, 


*4017. Gold-Lined Stills for Concentrating Sul- 
phurie Acid. G. Lunge (I L-April 29.) 1100 w. 

+4020. Cellulose or Wood Fibre. S. P. Sadtler 
(J F L-May.) 3400 w. 

+4045. Recent Theories of the Acid 
Process. Wm. R. Potter (J A CS-Feb.) 3300 w. 

+4046. A Remarkable Water for Public Use. 
A. A. Breneman (Ibid.) 500 w. 


a 
» 
t 
| 
4 
| 
te 
: 


600 


4081. Chemistry in the 
Torrey (A M-May 12.) 1400 y 

+4090. The Colors and Spectra of 
Thin Metallic Films and ot Incandescent Vapors 
ot the Metals ; with Some Observations on Eleectri- 
cal Volatility.’ Wm. L. (A C 
2400 Ww 

+4091. The Volume Lag and Its Bearing on Mol- 
ecular Constitution. C. Barns (Ibid.) 4900 w. 

+4092. On the Copper Sulphites. Spencer B. 
Newbury (Ibid.) 2500 w. 

*4121. The Chemistry of Rubber Ingredients and 
Adulterants Ill. Litharge. Red Lead and White 
Lead. Henry J. Williams (1 R W-May 15.) 2600 w. 

*$125. Chemical Equilibrium in Mixed Eleetro- 
lytes (E R L-May 6.) 1600 w. 

*4126. Prof. Ostwald on Recent Advances in 
Physical Chemistry (1bid.) 900 w. 


I. Joseph 


Dudley J-March.) 


4133. The Chemistry of Paving-Brick Manufact- 
uring. M. D. Burke (P-May.) 400 w. 

*4156. Parkinson’s Oxygen Gas Process (I-May 
6.) 1900 W. 

*4172,. Improved Methods for the 


of Sulphuric Acid (1 L-May 6.) 1250 y 
4460. New Rapid Method for the oasseniiionen 
of P sooner = Iron, Steel. and Ores. James 0. 
Handy (E M J-May 28 ) 1400 w. 
*4500. The Campbell-Boyd 
Process (L L-May 20.) 1800 w. 


Chlorine Recovery 


*4501. Dangers of Chemieal Industries ( Mise.) 
1400 w. 

*4503. La Fabrication de la Soude par Eleetro- 
lyse de Marx et Kellner. I. (Mise.) 1250 w. 

“4711. The New Element, Masrium. Totten 
(Mise.) 1500 w. 

+4742. Analyses of Glass Used in the Manufact- 
ure of Ineandescent Electric Lamps. Durand 


Woodman (J A C 8-Mareh.) 500 w. 

474%. Chemistry in the Il. 
Torrey (A M-June 9.) 1000 ¥ 

4776. Eleetro-Chemical of Chlorate 
of Potash at Vallorbes, Switzerland. Il A. C. 
Knapp (E M JeJune 11.) 1100 w. 

*4838. The Chemistry of Rubber Ingredients and 
Adulterants. IV. sulphur. Tl. Henry J. Williams 
(LR W-June 15.) 2300 w, 


INDUSTRIAL SOCIOLOGY, 
*3410. La Loi sur les Syndicats. 
(M 5.) 1200 w. 
“3425. La Liberté Commerciale et la Richesse de 
la France. D. Zolla (Mise.) 1300 w, 
*3439. British and American Trade. 
(E-April 8.) 3300 w. 


Joseph 


Urbain Guerin 


Editorial 


*3441. The Trade Relations of England and 
America. Robert MeCormieck (Lbid.) 6100 w. 
*3453. The Strike of the Durham Miners. Edi- 


torial (C G- April 8.) 2100 w. 
3459. Labor and Its Grievances. 


Henry Hoimes 
(M N-April 15.) 2000 w, 


*3470. German Insurance Against Industrial Ae- 
cidents, Editorial (1 L-April 1200 w. 
*3471. Government and the Telephone. Editorial 


(Lbid.) 1600 w. 

*3477. Who Should Build the Country Roads ? 
Clem Studebaker (G R-April.) 3000 w. 

3482. Government Timber Tests. David A. 
Wells, Edward Atkinson and Wm. Kent (EK MJ 
April 16.) 1400 w. 

3555. Foreigners’ Rights Under the U.S. Patent 
Laws. F. A. Seely (1 Age-April 19.) 1600 w. 

3579. Government Timber Tests. R. Q. Mills, 
Abram 8. Hewitt, * Anti-Bellamy,” and Edit« rial 
(E M J-April 23.) 2000 

+3612. Ten Years of the Standard Oil 
T. Dodd (F May.) 4300 w, 

3613. Does the Factory Increase Immorality ? 
Carroll Wright bid.) 2000 w. 
+3614. Ineaiculable Room for 
Edward Atkinson (Ibid.) 4300 w. 
+3616. My Business Partner, the Government. 
Ulysses D. Eddy (Ibid.) 2600 w, 


Trust 


Immigrants. 


CURRENT TECHNICAL LITERATURE. 


*3629. Compulsory Boiler Inspection. Editorial 


(E-April 15.) 1400 w. 

3702. Registration of Plumbers in Great Britain. 
ae Malcolm Seott (Met W-April 30.) 2700 w. 

3725. Misguided Mining Legislation in West 
J.W.P. (MR April 29. ) 1000 w. 

3763. The Budd Case, Majority and Minority 
Opinions of the Supreme Court. (Ro R-April 30.) 
3900 Ww. 

3764. State 
(Ibid.) 1000 w. 

3773. Aeceidents to Work People. 
Commercial Agent Loomis, of St. 
May 2.) 1900 w. 


Regulations of Rates. Editorial 
Report 
Ktienne (PA 


+3789. The Use of Publie Ways by Private Cor- 
porations. Samuel Leland Powers and Solomon 


Schindler (A-May.) 5800 w. 


13700. The Strength and Weakness of the Peo- 


ple’s Movement. Eva MeDonald-Valesh (Ibid.) 
2600 Ww. 

43857, Publie Rights in Private Property. R. M. 
Fisher (Mise.) 2400 w. 

43859. Street Railway Taxation. J. B. (Mise.) 


2500 w. 
3860. Minority Report on the Fithian Free-Ship 
oe Louis EK. Atkinson and Geo. D. Perkins (Sea 
May 5.) 1400 w. 
870. Labor Legislation in 

Editorial (E-April 22.) 2100 w. 

#3 The McKinley Tariff. 
2000 Ww. 

*3873. Notes on Recent Experience with Some of 
Iler Majesty’s Ships. Ill. (ibid.) 2800 w. 

3960. Government Timber Tests. B. E. Fernow, 
R. W. Raymond, and Editorial M J-May 7.) 3500 w. 

*1016. The Legal Liability of Employers for Acci- 
dents to Workimen. Editorial (1 L-April 29.) 600 w. 

*4069, Skilled Labor on the Pacific Coast. (1S F- 
May.) 2500 w. 

4071. The Protectionists of New South Wales. 
Sir Henry Parkes (C R-May.) 3500 w. 

4106. (Price of this article : $1, or seven coupons.) 
River and Harbor Bills. Emory R. Johnson (A A A- 
May.) 12,000 w. 


the Netherlands. 


Editorial (ibid.) 


#4112. The House of Commons on the Rating of 
Machinery. Editorial (Mise.) 2400 w, 
*si23. The Government and the Telephone in 


England, L-May 6.) 3000 w. 

4167. ‘The Conflict of Interstate and State Regula- 
tion of Railroads. W. D. Dabney (Ro R-May 14.) 
3300 W. 
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vied Wages and Results in the Coal Trade. 
Editorial (Eng L-May 6.) 2600 w. 

“4174. The Cause of Strikes, 
May 6.) 1900 w. 

*4187. The Working of the Department of Labor. 

Carroll D. Wright (Cos-June.) 5800 w. 

*s264. The Municipal Problem in America. Lewis 
G. Janes (Mise.) 4000 w. 

4298, of Railways. 
torial (R R-May 21.) 1600 

#4305, Labor in France. Editorial 
(E- May 13) 1900 w. 

“4317. The Failure of the Wages System of Pay- 
ment and ee Remedy—Protit Sharing. George 
Livesey ( W-May 14.) 4200 w. 


Are Railways Highways ? Editorial (Ibid.) 


Editorial (Eng L- 


Edi- 


4374. Wages Paid in Foundries from Maine to 
California. (Mise.) 700 w. 
4412. Road F. M. Pennoek (M R- 


May 27.) 1000 y 


“4472. The Recent Movementact Labor, Editorial 
(E- May 20.) 1800 w 

*4198. The Profits of Manufacturing Industry. 
Editorial (1 L-May 20.) 1200 w. 


#4926. The Durham Strike in me to the 
Miners’ Federation, (C G-May 20.) 


"4927. The Mineral Clauses Western 


Railway Lill Hearing before the House of Commons 
(Ibid.) 14,000 w, 


Committee on Private Bills. 


4, 
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4625. Whatis the Interstate Commerce Law Good 
For? Editorial (R G-June3.) 1800 w. 

*4705. The Durham Miners’ Strike and Its Disas- 
—= Effeets upon Trade. (C G-May 27.) 2200 w. 

*4797. Recent Legislation. 

Editorial (1 L-June 3.) 1200 

*4815. The Durham Strike. Editorial (Eng L- 
June 3.) 1500 w. 


LANDSCAPE ENGINEERING, 


4769. Country Homes. Edward D. Bolton (A & B- 
June 11.) 2000 w. 


MARINE ENGINEERING, 


*3373. The Modern Marine Boiler. Ill. A. B. Willits 
(E Mag-June.) 3000 w. 

*3383. Grandes Dragues Marines des Construc- 
tion Francaise. Il]. L. Muller C- April 2.) 2800 w. 

*3417. The Japanese Coast Guard Ships * Itsu- 
kushima,” Matsushima,” and Hashidate” (ME 
April 1.) 1000 w. 

*3428. The Compass: Historical. Theoretical, 
Practical. D. Wilson-Barker (ER L-April 8.) 3600 w, 


*3434. On Balancing Marine Engines and the 
Vibration of Vessels. Ill. A. F. Yarrow (Eng L 
April 8.) 4000 w. 

*3436. The New American Warships. G. W. C. 
(Ibid.) 1800 w. 


*3410. On Divisional Water-Tight Bulkheads, as 
Applied to Steamers and Sailing-Vessels. B. Mar- 
tell (E-April 8.) 4600 w. 


3510. Whaleback Imitators. Ill. (Sea April 21.) 
1200 w. 

*3627. Notes on Recent Experience with Some of 
sShips. I. W. H. White (E-April 15.) 
Vessels at Sea. I. J. I. 
Thornyeroft (Lbid.) 8500 w. 

+3731. Coast and Inland Yachting. I. 
W. Pangborn (C M- May.) 7500 w. 
*3825. Speed in the Navy. 

April 22.) 1800 W 

Whaleback Steamers. Il. 
E-April 29.) 3300 w. 

*4014. Vibration in Steamships. 
April 29.) 1100 w 


*4022. Asbestos in Marine Engineering. J. 
Alfred Fisher (M E-May 1.) 2800 w. 

*4023. Thirty-third Session of the Institution of 
Naval Architects (Ibid.) 6500 w. 


*4164. Theoretical Effect of the Race Rotation on 
Serew-Propeller Efficiency. R. Froude (E 
May 6.) 5100 w. 

*4177. Note upon the Data of Some Recent Steam 
Vessel Trials. Robert Manse) (Eng L- May 6.) 1200 w. 

*4287. Screw Propulsion with Non-Reversible 
Engines. Robert MeGlasson (I L-May 15.) 1250 w. 

*4288, pegert Upon Trial of the P.S. “ Ville de 
Douvres.” I. Tl. Alex. B. W. Kennedy (Ibid.) 
1700 w. 

*4308. Convenient Curves for Determining the 
most Suitable Dimensions for Serew Propellers. 
Ill. Froude (E-May 13.8700 w. 

*4321. A Dangerous Experiment in Naval En- 
foe Organization. Editorial (Eng L- May 13.) 

2100 W 


Frederic 


Editorial (Eng L 


F.C. Goodall 


Editorial (I L 


#4391. Opérations Exeeytées pour le Relévement 
du Trois-Mats Charbonnier “la Fédération.” Hl. 
G. F. (G C-May 14.) 1050 w. 

*4392. La Navigation 
Nansouty (Lbid.) 2200 w. 


*4471. The qu of Navy Boilers. 
(E-May 20.) 4300 


*4480. Engine yee of Three Second- 
class Cruisers Recently Added to the British Navy. 
Ill. John G. Liversidge (Ibid.) 3500 w. 


*4496. Report oa Trial of the P.S. “ Ville de 
Douvres.” If. Ill. Alexander B. W. Kennedy 
(I L-May 20.) 2900 w. 
4607. Machinery for the Naval Academy Practice 
Cruiser * Bancroft.” IH. (A M-June 2.) 1900 w. 


Electrique. Max de 


Editorial 


4618. A Trip Under Water in an Electrically 
Driven Submarine Boat. 1. (W E-June 4.) Lovo w. 

*4652. The New Thames Passenger Steamer 
* Kohinoor.”” lil. (E-May 27.) 1800 w. 

*4668. H. M. Royal Sovereign. 
May 27.) 2500 w. 

*4681. Experiments with 
White (l-May 27.) 10,000 w. 

“4712. Torpedo Boats in War. 
(Lnv-May 2&8.) 1300 w 

*4713. Asbestos in Marine Engineering. J. 
Alfred Fisher (bid ) 2000 w. 

*4716. Report U ‘’ Trial of the P.S. ‘ Ville de 
Douvres.” Ill. Alexander B. W. Kennedy 
(L L- May 27.) 5000 w. 

Submarine Boats. (Mise.) 1900 w. 
4798. Shallow Draught Gunboat for the French 
Government (1 L June 3.) 1160 w. 

4805. River Traflic and River Steamers. 

sryan ( Mise.) 2400 w. 


(Eng L- 


Basic Steel. W. H. 


W. Laird Clowes 


Wm. 


MECHANICAL ENGINEERING. 

3H5. The Necessity of a Standard Rule tor BeJt- 
ing. C. Tompkins (Mise.) 1500 w. 

*3449. On Some New Forms of Bends and June- 
tions in Tubular Construction. fl. J. Miller Adam 
(M W-Aprils.) 1700 w. 

3516. Planing and Milling prieasine Forms. Ill. 
Fred J. Miller (AM April: 1500 

3517. On the Cultivation of apae by 
the Solution of Constructive Problems. Ill. Lei- 
cester Allen (ibid.) 1600 w. 

*3607. Fibre leaning Machinery. B. 
April 15.) 1200 w 

*3665. Mechanical Flight. S. 
May.) 2900 w 

*3672. Dynamomi#tre de Rotation de MM. Rich- 
ard Freres. I. A. Gouilly (G C-April 16.) w. 

3674. A Boring Device. Ill, A. D. Pentz (Mise ) 
1300 w. 

3675. Making Metal Wheels. Tl. 
ding (A M-April 2s.) 1500 w. 

Serew Cutting. ‘A Mechanie” 
800 

*3822. The Improvement of Belting. 
(Eng L- April 22.) 1100 w. 

3828. The Mechanical Sphere. Il. 
(A M-May 5.) 2200 w 

3829 To Mold Spiral Post. IL 
(bid. 500 w. 

3830. Pattern Making. 
700 w. 

3851. Fabrication des Cyeles. Dl I Félix 
and Yves Guédon (G April 23.) 2300 w. 

*3868. Sizes of ee for Wire Ropes. Hawser 
(E-April 22.) 1600 w 

*3927. Dry- Air Refrigerating Machiner 
mercial Value. I. W.G. Ouicke 
4700 W 

#3032. 


(Eng L- 


P. Langley (Cos 


B. F. Spaul- 


(Ibid.) 

Dormant. 
A. D. Pentz 
S. Bolland 
Ill. P. Dingley (Ibid. 


y; Its Com- 
(l-April 22.) 


Le Chatelier’s “ Influence of Temperature 
on the Mechanical Properties of Metals.” (Ibid. 
2000 W. 

Dry-Air 
Commercial Value. 
29.) 5000 w 

*4006. Sur une Méthode pour la Détermination 
des Eléments Mécaniques des Propulseurs Hélicol- 
daux. Drzewiecki (M ]-April 26.) 1300 w. 

4074. A for Ellipses. Il. A - 
J. Wiley. (E N-May 12.) 600w 

4082. The es ¥ ariation in Size of Rough 
fron for U.S. Standard Bolts. Ill (A M-May 12.) 
1500 W. 

4083. Rubber Pattern Work. Hl. 

4086. A Revolution Counter. Hl. 
(Ibid.) 350 w. 

4087. Good Screws in Bad Places. 
(Ibid.) 900 w. 

4102. A Hand-Telescope for Stadia-Work. Ill. 
Robert H. Richards (EM J-May 14.) 2200 w. 


Refrigerating 
Il. W. 


Its 


Quicke ( 


(Ibid.) 2000 w. 
Albert A. Cary 


Easy Way ” 
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*4127. Application of Electricity to Hoisting Ma- 


chinery. Keginald Bolton (ER L-May6.) 3100 w. 
4166. Belt Speed and Tension. C. R. Tompkins 
(M N-May 15.) 1400 w 
*4176. Howa Locomotive is Propelled. Ill. A. 
ae and Anthony 8S. Bower (Eng L-May 
1100 


4189. The Buzz Planer, 


John M. Richardson (A 
M-May 19.) 1200 w 


4190. On Compounding Centrifugal and Pa 
Governing by a Valve. Win. Al- 
drich (Ibid.) 2300 w. 

4192. Pattern Making. 1V. Ill. P. 8S. Dingey 
(Ibid.) 700 w. 

4245. A New Self-Lubricating Bearing. (E N-May 
19.) 3100 w. 


4246. A Standard Method ocomo- 
live Tests. Ill. (ibid.) 6000 w 


4248. The Measurement of "Power. Ill. Thos. 
Gray (Ibid.) 1650 w. 

4250. An Locomotive. Ill W.M. 
F. Goss (Lbid.) 2000 w 

4263. Notes on Machine ta Practice. A. D. 
Pentz (M K-May 20.) 1500 w 

4270. Locomotive Testing Laboratories. Arthur 


T. Woods (Kk G-May 20.) 1150 w 
4300. Expansion Bolts. Il. mR R- May 21.) 750 w. 


*4307. President’s Address Before the Institu- 
tion of Mechanical Engineers. 1. William Ander- 
son (E-May 13.) 5200 w. 


*4319. The Mechanics of Locomotive Traction 


and Driving. Il. 1. Robert H. Smith (Eng lL 
May 13.) 3900 w. 

4383. Sixteen-Inch Gun Lathe. Til. (A M-May 
26.) 1900 w. 

4384. The Form of Brass Furnaces. Alex. Cairns 
(Ibid ) 700 w. 

14387. Des Laboratoires de Méeanique Appli- 


quée et de ce qui Manque au Jeune Ingénieur. 
Henri Witmeur (RU M-April.) 2300 w. 

4417. Notes on Machine- our Practice. 
D. Pentz (M R-May 27.) 1900 y 


Albert 


+4450. Relative Efliciency ‘ot, Different Cutting 
Augies in Lathe Tools. Iil. KE. 8. Keene (Mise.) 
1000 W 


4136. Application of Electricity to Hoisting Ma- 
chinery. Keginald Bolton (W E-May 28.) 2200 w. 

*4179. President’s Address Before the Institu- 
tion of Mechanical Engineers. William Anderson 
(E-May 20.) 4100 w. 


*4490. Patent Differential Motion for Textile 
Machinery. Ill. (Inv-May 21.) 1400 w. 
*4513. Metals and Alloys. Editorial 


Bearing 
(Mise.) 1250 Ww. 
+4563. The Path of a Locomotive Crank-Pin. Il. 
George F. D. Trask (8S MQ-April.) 250 w. 
*4592. Appareils de Cempression d’Air pour la 
Compagnie Parisienne de lV’Air Comprimé. 
L. de Thunimont (G C-May 21.) 1900 w. 


4627. Rope Gearing. M. K. Thanewala (M N-June 
1.) 1400 w. 
*4661. A Self-Lubricating Fibre-Graphite for 


Bearings of Machinery. 
June.) 3700 w. 


4693. The Measurement of Power. III. 
Gray (R R-June 4.) 1700 w. 


4710. A Few Words to Engineers and Mechanics 
on Lubrication. C. Verniaud (Mise.) 1300 w. 


*$714. New Rules Issued by L'‘oyd’s for the 
Strength of Boilers (Mise.) 700 w. 


*4715. The Chinese as Mechanical Engineers 
(M W-May 27.) 1500 w. 

4771. Joint Wiping. Ill. 
June 11.) 3200 w. 


*4813. The Mechanics of Locomotive Traction 
and lage Il, Il. Robert H. Smith (Eng L-June 
3.) 5300 W 


*4846, Intuition in Designing. 
Hawkins (K Mag-July.) 3000 


John H, Cooper (ISF 


Thomas 


J. W. Hughes (Met W 


John T. 
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METALLURGY. 


3401. The Value of Washed Fuelin Blast Furn- 
ace. Harry’S. Fleming (M R-April 15.) 2500 w. 

*3462. Metals at High ‘Temperatures. Ill. 
Roberts-Austen (Mise.) 7500 w. 
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Heilprin (E Mag-July.) 3000 w. 


SANITARY ENGINEERING. 

*3370. Sanitary Progress in New York. Charles 
F. Wingate (E Mag-June.) 3000 w. 

*3379. Warming and Ventilation of Public Build- 
ings With or Without Motive Power. I. J. D. 
Sutcliffe (I C B-April 1.) 1500 w. 

*3396. A Programme of Sanitation. (S R-April 1.) 
1800 w. 

*3397. Flushing Operations. Ill. (Ibid.) 1300 w. 

+3454. Errors in Ventilation, William Henry 
Thayer (San-April.) 2400 w. 

*3560. I, Il. Cesare J. 
Marani (Misce.) 2 

*3611. The Suians Farms of Berlin. 
Roechling (Eng [April 15.) 1000 w. 

*3670, L’Epuration des Eaux Industrielles, Sys- 
teéme Henri Desrumaux. Ill, F. Desquiens (G C- 
April 16.) 4000 w, 


Louis 


+3746. Conservation of Filth in Chinese Cities and 
the Thereof. 
5200 


Ernest Norftleet (San-May.) 


pote Methods of Collection, and the plapenal of 
Waste and Garbage by Cremation. W. F. Morse 
(A H- May.) 5600 w. 

*3750. Microscopic Examination of Water from 
Public Water-Supply of Erie, with Remarks There- 
on, David N. Dennis ibid.) 700 w. 

*384. Les Bains d’Ouvriers. I. 
Nansouty (G C- April 23.) 1700 w. 

*3040. The Pollution of the River Douglas. W. 
Naylor (C T ..-April 30.) 2100 w 

*5945. The Drainage of ¢ ‘airo. (Eng L-April 29.) 
1400 w. 

+3968. Some Results of Sanitary Legislation in 
England Sinee 1875. Il. Gary N. Calkins (T Q- 
Dec.) 2500 w. 

“3972. Milk Supply and the Publie Health. Wm 
T. Sedgwick bid.) 5800 w. 

The and Curses of Dust. 
Elliott (Mise.) 2500 w 

4076. The Sewerage of the Distriet of Columbia 
(E N- May 12.) 2200 w. 

4077. Chicago's Standing Danger of Water Pollu- 
tion. Editorial Ibid.) 2600 w 

4118. Schoolhouse Heating. F.S. Dewey (M W- 
May 14.) 2750 w. 

4134. The Sewage IP’ gm in Baltimore. C. W. 
Chancellor (P-May.) 12¢ 

4199. Water Supply Public Health. 
Hazen (A An- May 15.) 1250 

4253. The Sewerage Sy nical of the New England 
States. Editorial dé N-May 19.) 4000 w. 

4265. Trap Venting Denounced. John Kelly (D E- 
May 16.) 900 w 

S15. Elee trieity 
(EE L-May 13.) 800 w. 

*4316. Ventilation. Thos. Fuller (Mise.) 5600w. 

#4428. Diagram for Flow in Pipe Sewers Accord- 
ing to Kutter’s Formula. [ll Arthur N. Talbot 
(Mise.) 1900 w. 

+4451. Manufacture of Vitrified Sewer Pipe Il. 
Wm. C. Klingelhoefer (Mise.) 1700 w. 

*4494. of Cairo. Editorial (Eng L- 
May 20.) 

4611. ul of Dwellings and 
Institutions. W. K. Parry (E N-June 2.) 4500 w. 

4612. Street Sprinkling in Boston. Ibid.) 900 w. 

4617. Disposal of House Refuse at Liverpool, 
England. H. P. Boulnois ([bid.) 1300 w. 

4633. The Trapin the House Drain. (BJ C-June 
4.) 1150 w. 

4639. On the Use of Galvanized Iron for Artesian 
Wells and for the Conveyance of Drinking Water. 
Reuben Haines (M & B-May.) 3200 w. 

4780. Historical Retrospect of Sanitation. I 
Patrick Hehir (J E-May 7.) 1250 w 

4795. Conservation of Filth in Chinese Cities. 
Ernest Northtleet (A A-June 11.) 1800 w. 


Max de 


T. 


I. Allen 


and Sanitation. Editorial 


STEAM ENGINEERING. 


343. The Construction of Steam Boilers. Joseph 
Langdon (S E-April 16.) 2500 w. 

3467. The Construction of Theoretical on ad 
Diagrams for Compound Engines. Ill. W. 
Unwin (S V-April 15.) 750 w. 

*3468. Steam Engine Work and Condensation. 
Ii. J. H. Slade (I L-April 8.) 1600 w 

+3540. Le Role de l’Eau_ dans les Cylindres 
Vapeur. Ill. Lucien Auspach (RU M-Jan.) 24,000 w. 

*3547. Note on the Practical Management of 
Locomotives. J. Esrey Johnson, Jr, (Cr-April.) 
500 w. 

*3553. Prévention de la Fumée dans les Tunnels. 
“EI” (M LApril 12.) 1100 w 

3562. Centrifugal Force and the Whee. Ti. 
W. H. Weightman (R G-April 22.) 1150 w 

sion de ociété. J. Boulet et Cie. 
quiens C-April 9,) 1400 w, 
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| 
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*3630. Historical en fia of Gears for Single 
Slide Valves. A. MacLay (I L-April 15.) 2300 w 

+3643. Emploi des Toles de Fer ou d’Acier dans 
les Chaudiéres des Locomotives. Historique de la 
Question. E. Belleroche (R U M-March ) 4400 w. 

*3682. Boilers for High Pressure. Pulaski Leeds 
(L E-May.) 700 w. 

3701. Working Sketches for a Pipe-Fitting Job. 
TH. (Met W-April 30.) 250 w. 

#3703. Coal Consumption ef Locomotives. IL. 

Geo. H. Baker (N C B-May.) 2800 w. 

*3704. Who Should Feed a Boiler ? 
(Ibid.) 750 w. 

*3705. Testing Crank Pins and Firebox Sheets: 
(Ibid.) 800 w. 

3808. The Amount of Air Required for Combus- 
tion. D. H. Weleh (S 2 April 30.) 950 w. 

*3820. Locomotive Rngine Boilers. R. 
Lehay (Eng L-April 22.) 1900 w. 

3x97. Engines of the Broadway Cable Road. Ill. 
(P S-May.) 1100 w. 

3898. Reaction Strains upon Safety-Valves. II. 
R. C. Carpenter (Ibid.) 800 w. 

3899. Boiler Room Practice. Ibid.) 1200 w. 

3900. The Steam Engine Indicator. The Expan- 
sion Line. Tl. bid.) 1200 w. 


Editorial 


3901. Clearance, Port Area, and Reheating. 
Louis I. Seymour Ibid.) 1200 w. 

3919. To Render the Use of Steam Safe. Editorial 
(Eng-April 30.) 1400 w. 

3920. The Lilusory Heat Unit. Editorial Ibid.) 
500 Ww. 

3921. An Uneonsidered Phase of Cylinder 


Condensation (Ibid.) 1400 w, 
*3943. Air Pumps and for Steam En- 
gines. Ill. Alfred Towler (Eng L-April 29.) 2900 w. 
*3946. Slack Boilers. Editorial (Ibid.) 1500 w. 
*4015. Proposed Steam Boiler Legislation. Edi- 
torial (I L-April 29.) 1200 w. 
+4021. The Compound Locomotive of the Rhode 
Island Locomotive Works, Providence, R. 1. ILL 
(J F T-May.) 28,000 w. 


4030. Waters Used in ream Wm. H. 
Edgar (S E-May 7.) 1800 w 

4048. Work and Powera as Measured by the Steam 
Engine Indicator, 1. Capt. Wright (C E N-May.) 
3000 W. 

4084. ping to Indicators. W. H. Odell 
(A M-May 12 

4085. Boilers. T. T. Parker (Tbid.) 
600 w. 


4104. Points and Cautions in the Use of the In- 
dicator (B J C-May 14.) 950 w. ° 


4105. Waste of Coal. I. (Ibid.) 1600 w. 
: 4165. Fuel Economy in Boiler Firing. 
P Flint (M N-May 15.) 700 w. 
igs 4184. The Great Corliss Engine Break at Willi- 
mantic. Ill. (S V-May 15.) 1000 w. 
4239. _ Money Value of an Engineer (S E- May 
14.) 1400 
4240. 
800 w 
4363. The Principles and Practice of Smokeless 
Combustion. I. I. Bowe (S E- May 21.) 3800 w. 
4365. The Size of Chimneys. Arthur Goodwin 
bid.) 1350 w. 
as. Standard Locomotive Tests (R G-May 27.) 
6000 w 


Bertram 


= Knocking” in Engines. Editorial ([bid.) 


4446. The Steam Distribution in a Form of Single 
Compound Engine. Ill. F. M. Rites Ibid.) 


4453. Steam Engineering of ory Lighting 
Plants. Editorial (E M.J-May 28.) 1300 w 


*4514. Vertical Boilers. Ill. Edward G. 
(Misc.) 1250 w. 


fs Steam Engines. John Watts (C G-May 20.) 


Hitler 


4537. The Effects of Superheated Steam ~ Steam 
Engines. Frank J. Roth (8 E-May 28.) 850 w. 
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4538. A Few of the Snags Struck by the —“Sgmamaaae 
Engineer. Ll. Sol. G. Pugh bid.) 1150 w 

4539. The P and Practice Smokeless 
Combustion. Bowe (Ibid.) 2300 

*4541. Coal Consumption of il. 

xe0. H. Baker (N C B-June.) 1300 w 

4564. The Utilization of Exhaust Steam for Heat- 
ing by the Ss pringfield, Ill., Electrie Light and Power 
Company’s Plant. Ill. W. Forman Collins (E E N Y- 
June 1.) 1200 w. 

4565. The Economy of tes Engines Over- 
Rated. I. Babeock (Ibid.) 

*4605. Indicating the E ver on » the Fastest Train 
in the World. Ill. Angus Sinelair (1 E-June.) 2200 w. 

*4606. Steel vs. Iron for Fireboxes. Editorial 
(Ibid.) 1200 w. 

4626. Waste of Steam and ‘Power (MN-June 1.) 
1150 w. 

4632. Steam Heating Below Atmospheric Press- 
ure. Mr. Breckenridge (Met W-June 4.) 2100 w. 

4644. Test of the Equator Steam Boiler. Il. 
William J. Baldwin (A & B-.June 4.) 1500 w. 

4655. Work and Power as Measured by the Steam 
Engine Indicator. IH. Ul. Capt. Wright (© EN- 
June.) 3700 w. 

*4663. The Consumption of Smoke. William Met- 
ealf (1S F-June.) 3000 w, 

4664. New Developments in Steam E 
Ill. Geo. I. Rockwood (P S-June.) 2100 w 

4665. Arrangement of Boilers in Batteries. Peter 
H. Bullock (Ibid.) 1000 w. 


*4718. Maximum Jacket Efficiency. Edi- 
torial (I L-May 27.) 1406 
4726. Indicating Slide v alve Engines. Ill. Chas. 


H. Garlick (8 E-June 4.) 600 w 


4727. The Principles and Practice of Smokeless 
Combustion, IIT. I. Bowe Ibid.) 2800 w. 
4773. Vacuum Steam Heating. H. D. Crane 


(Met WJune 11.) 2600 w. 


4801. Smoke vs. NoSmoke. Editorial (Eng-June 
11.) 1100 w. 
*4812. Common Faults in Mill Engines. Ii. 


(P Eng-June 8.) 1400 w. 

4820. Comparative Tests of Single Expansion 
and Compound Locomotives. Editorial (R R-June 
11.) 2000 w, 

4822. TheSteam Distribution in a Form of Single- 
Engine. Ill. F. M. Rites Ubid.) 
3500 


MISCELLANEOUS. 


*3368. New York’s Commercial Blight. I. Il. 
Wim. Nelson Black (E Mag-June.) 3000 w. 


*3587. Artificial Rain. R. De C. Ward (GG M- 
April.) 1750 w. 


*3388, Storms. Ill. Elias B. Dunn (Ibid.) 2700 w. 

3402, Southern Tron in the North and West ( M R- 
April 15.) 1500 w. 

*3407. Sur les Notations Métriques et Autres. 
“EL” (M LApril 5.) 1700 w. 

*3426. The Manufacture and Industrial Value of 
Aluminium, Editorial (i R L-April8.) 1500 w. 

43457. How ry he ‘an the Earth Sustain Life ? 
Robert 8. Ball (F R-April.) 6500 w ; 

3460. An Aerial Problem. J. Fustus Price (M N- 
April 15.) 1000 w. 

3461. The Recuperative Glass Tank. III. 
Atwater (A M & I W-April 15.) 5200 w. 

*3463. Examination of the Standards of Measure 
and Weight Immured in the Houses of Parliament 
(Mise.) 1800 w. 

*3464. Aberration Problems ; a 


R. M. 


Discussion Con- 


verning the Connection between Ether and Matter, 


and the Motion of the Ether near the Earth. Oliver 


Lodge (Mise.) 2000 w. 

3505. The Engineering Schools of the United 
States. V.(E N-April 16.) 2900 w. 

3508. Tests of Structural haa Tron and Steel. 
I. Alfred E. Hunt (Ibid.) 3300 

*3512. Paper-Makin and Machinery. 
I, James B. Bennett (M W-April 15.) 1900 w. 
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#3533. Shop Work Inspection. <A. L. Johnson 
(J AES- Feb.) 5000 w. 


3537. The Manufacture of Steel Castings. J. A. 
He rrick (Mise.) 1250 w. 

+3539. The United States Patent Office. I. Ielen 
Frances Shedd (Ch- May.) 3500 w. 

3558, The Engineering Schools of the United 
States. VI. (i N-April 21.) 6000 w. 

3559. Tests of Structural Wrought Iron and Steel. 
Il. Alfred Hunt (Ibid.) 3600 w. 

*3561. Hydraulic Cements, Natural and Artificial. 
I. W. Cummings ( Mise.) 2000 w. 

3563. Specifications versus Brand. Opinions of 
Railroad Officials upon Methods of Purchasing 
(R G-April 22.) 1800 w. 

3598. The New York Trade Schools. Richard T. 
Auchmuty (NAR May.) 1500 w. 

*3600, Sea and Land. Ill. N.S. Shaler ( Mise.) 
9300 Ww. 

*36044. Working Economy. Walter J. May (I 
April 15.) 2500 w. 

+3612. Ten Years of Ll Standard Oil Trust. 
S.C. 'T. Dodd May.) 4500 vy 

13613. Does the Factory Immorality ? 
D. Wright ([bid.) 2000 w, 

3615. Ocean Trafic by the Erie Canal. Edward 
North bid.) 2900 Ww. 

*3625. On the Utilization of the Waste Forces of 
Nature. W. Preece (El-April 15.) 4500 w, 

*3634. The Properties and Uses of Cast Steel 
Wire. M. L. Campredon (C G- April 14.) 1400 w. 

+3641. Note sur le Retaillage des Limes et 
VEmploides Limes Démontables. Joseph Goflin 

(R U M-March.) 3400 w. 

*3648. L'Utilisation des Forces Naturelles. Mou- 
lins &’ Vent. I. (Mise.) 2000 w. 

3677. Wind Power Utilization. W. H. Booth 
(A M-April 28.) 600 w. 

3688. Automatic Sprinklers (E N-April 28.) 
1900 w. 

3689. Standard and Tests. Edi- 
torial (Ibid.) 2300 

3690, The edieuiien Schools of the United 
States. VII. (Ibid.) 2000 w 
3699, Pin-Holed Plates. "Editorial (Met April 
30.) 500 w. 

37), Pin-Holed Tin Plate. F. W. Moseley. 
(Ihid.) 900 w. 

3721. Will the South Keep Pace with the North 
in Manufacturing ? Edward A. Oldham (M R- April 
29.) 1000 w. 

3724. Coal Trade of Norfolk. A. Jeffers (Ibid.) 
1000 w. 

*3736. Municipal in St. Louis. 
Robert Moore (Mise.) 4400 w 

*3737. Government of Boston. William Jackson 
(Mise.) 2500 w. 

*3738. Government of the City of New York. 
Francis M. Scott (Mise.) 2500 w. 

*3739. Government of Providence, R. I. J. Her- 
bert Shedd (Mise.) 800 w. 

*3740. Government of Buffalo. E. B. Guthrie. 
(Mise.) 1500 w 

*3741. Government of Philadelphia. Dwight 
Porter (Mise.) 1000 w. 

*3742. Government of Paris. Henry D. Woods 
(Mise.) 2800 w 

*3743. The ‘Financial Status of the Engineer. 
Jos. Leon Gobeille (Mise.) 1750 w. 


*3717. The Raisin Industry in California. Il. 
Joseph T, Goodman (O M-May.) 8000 w 

*3748. California’s Discovery of Gold in 1841. 
Johu Murray (Ibid.) 4000 w. 

3768, Are Welsh Workmen Necessary to Es- 
tablish Tin Plate Making in the United States ? 
Editorial (A M & I W-April 29.) 600 w. 

3780. Inventor and Capitalist. James Jay O’Con- 
nell (M N-May 1.) 1400 w. 


*3798. Uniform Standard Time, (R A E J-May.) 
900 


3807. Energy. IIL F. J. Roth (SE-April 30.) 
2000 w. 

*5826. AGiant Lighthouse Lens (Quadrilateral 
Arrangement. J. R. Wigham (Eng L-April 22.) 
2500 w 

+3851. Gas Wells Near Letts, lowa. F.M. Witter 
(A G May.) 1100 w. 

38. Internal Deeay of Forest Trees. T. H. 
(63 & F May 4.) 800 w. 

3839. The Forests of California. William Alvord 
(Lbid.) 1600 w. 

3340. German Forests as I Remember Them. 
Wilhelmine Seliger (Lbid.) 1000 w. 

3864. The Manufacture of Gun Cotton (Mise.) 
1000 

3865. The Proposed New Sheet Metal Gauge. 
Oberlin Smith (Mise.) 750 w. 

3366. The Future of Southern Pig Iron. N. B. 
Johnson (Mise.) 760 w. 

*3869. Steam Tree- and Cross-Cutting Ma- 
chinery. (E-April 22.) 1150 

3892. The South and the Beet- Sugar Industry. 
Edward A. Oldham (M R-May 6.) 2100 w 

3902. Effect of Temperature on the Tensile 
Strength and Ductility of Metals. I. H. Wade 
Hibbard (Ri G- May 6.) 3600 w. 

*3922. Dust Counting on Ben Nevis. Angus Ran- 
kin (Mise.) 2700 w. 

*3924. The General Circulation of the Atmos- 
phere. J. M. Pernter (Mise.) 4400 w. 

*3925. Cost of Production of Iron and Steel. Edi- 
torial (I April 22.) 1700 w. 

*3930. The Recovery of By-Products in Coke- 
Manufacture (Ibid.) 2000 w. 

*3941. The Dangers of Petroleum Cargoes. J. H. 
Heck (C T J-April 30.) 1500 w. 

+396. The Place of Scientific and Technical 
Schools in American Education. Francis A. Walker 
(T Q-Dee.) 4500 w. 

+3967. Some Considerations Regarding Helm- 
holtz’s Theory of Consonance. Charles R. Cross and 
— M. Goodwin (Ibid.) 4900 w. 

+3970. An Apparatus for Devermining the Liabil- 
wy of Oils to Spontaneous Combustion. Til. Ellen 
Richards (Ibid.) 700 w. 

*3973. Forestry in America. W. R. Fisher (Mise.) 
1200 w. 

*4013. Russian Industries (I L-April 29.) 1600 w. 

+4019. A Practical Consideration of Compressed 
Air. Ill. Wm. L. Saunders (J F I-May.) 6800 w. 

+4057. Geology of Perry Park. Ill. P. H. Van 
Diest ( Mise.) 2900 w. 

+4058. Municipal Engineering. Robert A. Wilson 
(Mise.) 1500 w. 

+4063. Work with the Diamond Drill. Ill. BR. D. 
Hobart (Mise.) 2300 w. 

+4072. A Scheme for Technical Instruction. H. 
Llewellyn Smith (C R-May.) 5500 w. 

4079. Bending Tests and Contraction of Area as 
Proofs of Quality. Il. P. Kreuzpointner (E N- 
May 12.) 2000 w. 

4089. The South and the World’s Fair. Ill. (M R- 
May 13.) 28,000 w. 

4116. The Costof a Pound of Glass. R.M. At- 
water (A M & I W-May 13.) 1700 w. 

*4120. The Perfect Rubber Shoe. (I RK W- May 15.) 
1800 Ww. 

4130. Domestic Light and Heat for Cities and 
Towns. I. William Waplington (P-May.) 1400 w. 

*4135. Tinplate Making in America. Editorial 
(I-May 6.) 1400 w. 

*4151. Some Remarks on Smoke and la Preven- 
tion. I. H. Coward (Inv-May 7.) 2300 w 

*4152. Dirigible Balloons. W. N. Hutchinson 
(Ibid.) 1800 w. 

*4155. Another bn bed Coke Bye-Products. Edi- 
torial (C E-May.) 1 

+4157. Recent eran Pierre Kropotkine (N C- 
May.) 10,000 w. 

*4162. A Teaching ee for London. Edi- 
torial (E-May 6.) 2100 w 
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*4163. Royal Society Converzaione. Editorial 
(Ibid.) 2400 w. 

*4175. Machinery for the Preparation of Tea. 
Editorial (Eng L. May 6.) 1650 w 

*4186. The Acroplane. Hiram S. Maxim (Cos 
June.) 4800 w 

4191. Some Perpetual Motion Schemes. Editorial 
(A M-May 19 ) 900 w. 

+4198. The United States Patent Oflice. I. Helen 
Frances Shedd (Ch-June.) 3300 w. 

4211. Mensuration. B. F. Spalding ( Mise.) 2300 w. 

+4225. “ The Great West” of Australia. Matthew 
Mactie (W R-May.) 8000 w, 

4255. The Engineering Schools of the United 
States. IX. (i N-May 19.) 6000 w. 

4259. The E nginecring Schools the United 
States. VIII. (i N-May 5.) 3900 w 

4275. Effect of Temperature on the Tensile 
Strength and Duetility of Metals. H. Wade Hibbard 
(R G-May 20 ) w. 

*4286. Timber Tests for the United States Goy- 
ernment. Ill. (1 L-May 13.) 2100 w. 

*4290. Some Remarks on Smoke and ‘08 Preven- 
tion. Hl. H. Coward Unv- May 14.) 2300 

*4293. The Uses and Applications of a 
G. L. Addenbrooke (Mise.) 6000 w. 

4296. A Compressed Air Grain Elevator. — Ill 
(R R-May 21.) 350 w. 

*4309. Municipal Works in Nottingham. I. A. 
Brown (E-May 13.) 3000 w. 

*4325. Report of the Royal Society’s Committee 
on Color Vision (Mise.) 1750 w. 

(4362. The Profitableness of Forest-Culture, B, 
Fernow (G & F-May 25.) 1400 w. 

*4390. The Preservation of Our Forests. Thomas 
Magee (O M-June.) 2500 w. 

4001. On the Elastie Curve and ga ge of 
Structural Steel. Gus Henning (Ee N-May 26.) 
1600 w. 

4409. The Engineering Schools of the United 
States. X. (Ibid.) 2400 w. 

4413. Bye-Products in the Coking Process. I. (M 
R-May 27.) 1900 w. 

4415. Dying Vine Forests. Editorial (Ibid.) 
500 Ww. 

+4433. Rates of Maximum Rainfall. Ill. Arthur 
N. Talbot (Misc.) 2800 w. 

*4437. Windmills and Their Bearings Upon Eleec- 
tric Light, Water Supply, and Wholesome Bread. 
Ill. (S R-May 15.) 1200 w. 
Firebox Steel. P. Kreuzpointner (R G-May 

4458. The Possibility of Extracting P peoetous 
Metals from Sea Water (E M J-May 238.) 400 

*4173. Modern Aerial Navigation. ieditorial 
May 20.) 1150 w. 

*4475. Explosives Editorial (1bid.) 750 w. 

*4482. The Cultivation and Collection of Gutta- 
Percha. M. Sérullas (El-May 20.) 750 w. 

*4489. Solidified Petroleum Blocks as Fuel (Inv- 
May 21.) 750 w. 

*4492. The Protection of Metals from Corrosion 
(Eng L-May 20.) 900 w 

*4495. The Last Trial with Quartermain’s Aero- 
transitor. Wm. Quartermain (1bid.) 1350 w. 

*4499. Vuleanization of Waterproof Fabries (1 L- 
May 20.) 1250 w. 

+4504. Budapest. The Rise of a New Metropolis. 
Ill, Albert Shaw (C M-June,) 8800 w, 


14505. Mount Saint a Revisited. Ill. Israel 
C. Russel (Ibid.) 9800 w 

#4506. The Pressing > Need of Forest Reservation 
in the Sierra. George G. Mackenzie (Ibid.) 1400 w. 

*4507. Color Blindness. W. de W. Abney (Mise.) 
6700 W. 

Plate-Glass Manufacture in’ Germany 
(Mise.) 850 w. 

4511. The Adoption of the Metric System. B.F. 
Spalding (Mise.) 2200 w 

#4555, On the Position of the Centre of All the 
Dry Land on the Surfaee of the Earth. John N. 
Stockwell (J A April.) 6000 w. 

4559. Forest Experiment Station at Santa 
Monica. Frank M. Gallaher (G & *—June 1.) 1900 w. 

4586. How to Protect Inventions in Foreign 

Jountries Without Effeet upon the Term of United 
States Patent. Edward P. Thompson (Se-May 27.) 
900 w. 

4587. The General Circulation of the Atmosphere, 
T. A. Bereman (bid.) 4200 w. 

4988. Hot Water Heating and the Relation It 
Bears to the Plumbers’ Trade. W. M. Mackay 
(D E-May 28.) 5900 w. 

*4507. Conference de M. le ¢ ‘ommandant 
sur Aviation. L. Maurice (G C-May 21.) 2400 w. 

4613, New Detinitions of Stress and vate Edi- 
torial (EE N- June 2.) 2400 w. 

4615. The Utilization of the Power of Ocean 
Waves. Ill. (Ibid.) 5200 w. 

*4654. Municipal Works in Nottingham, IL A. 
Brown May 27.) 4200 w. 

*4669. American Atlantic Liners. Editorial 
(Eng L-May 27.) 1500 w, 

*4717. Russian Industries. Hl L-May 27.) 
2100 w. 

*4730. Utilisation des Forees Naturelles. Les 
Moteurs Marins. Il. (Mise.) 2500 w. 

4738. Bye-Products in the Coking Process. IL. 
(M RJune 3.) 1500 w 

4739. Conservatism American Bleacheries. 
Herbert G. M’Kerrow (1bid.) 2306 w. 

4744. The Treatment of Steel. 5S. W. Goodyear 
(A M-June 9.) 1600 w. 

4754. The Engineering Schools of the United 
States. AL (E N-June 9.) 2500 w 

4755. ‘The Anhydrous Ammonia Motor. JohnM. 
Batchelor (S R N-June 11.) 1300 w. 

4765, Southern Timber Resources ; the Supply of 
the Ill. B. E. Fernow (M R-June 10.) 
4600 

posing Bye-Products in the Coking Process. III. 
(Ibid.) 1800 w. 

*4804. Utilisation ~ Forces Naturelles. Les 
Moteurs Marins. IT. Ill. (Mise.) 1350 w. 

*4811, Steel vs. Wrought Lron. Editorial Eng- 
June 3.) 1500 w. 

*4814. Indian Engineering Colleges (Eng L-June 
3.) 1700 

The Resident Engineers, Edi- 
torial (E—June 3.) 3100 

*4836. Gondoriz on the United oy Rubber Co. 
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The Mississippi Problem. 
T isa remarkable fact that in the dis- 


cussions which have arisen in Congress 
upon the proper policy to be pursued with 
reference to the treatment of the Miss- 
issippi, the members who represent the 
districts adjacent to the stream are found 
to be warm advocates of levees, those more 
remote are less inclined to that method, 
while those members who are entirely re- 
moved from its influence are, in general, 
decidedly opposed to it. 

The engineers employed on the river, 
who may at first be opposed to levees, learn 
in time to conform to the sentiment of the 
community, and it is therefore something 
of asurprise to find “A Southern Engineer” 
stating in THE ENGINEERING MAGAZINE 
that “Theoretically, and even without any 
reference to experience, it should be seen 
that building dikes along the shores of 
frequently swollen rivers must result in 
raising the bed over which the waters 
flow.” 
There are many engineers of note who 
maintain that by contracting and confining 
the raging stream between levees its 
velocity is increased and its ded lowered. 
The mistake made is in considering the 
effects in short reaches rather than taking 
the river asa whole. When it is remem- 
bered that it drains over 1,240,000 square 
miles, or about one-third of the entire 
United States, that its tributaries start at 
elevations reaching nearly a mile in altitude, 
that the disintegration from this extensive 
territory is finally deposited in the beds 
of the streams and rolled on towards the 
deepest thalweg whence it can only escape 
by being carried out through the mouths of 
the delta, some idea may be formed of the 
capacity of the dumping-ground required 
for the annual deposits of sediment. No 
one has ever attempted to show that the 
amount of sediment ejected from the river’s 
mouths at all approximates that received 
from the tributaries or eroded from its 
banks and bed, yet it is a self-evident 
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proposition that, unless these two quan- 
tities be equal, there must be an annual 
and permanent deposition in the bed of the 
stream causing that bed, taken 2x ¢olo, to 


vise. This opinion has been bitterly de- 


nied, and it is even attempted to prove 
that the beds of the Po, Danube, Yellow, 
Ganges and other alluvial streams of lesser 
extent are not rising. Ina state of nature 
the river has provided its own dump by 
overflowing the wide valley through which 
it flows, dropping its heaviest sediment 
near its edges and building up a traverse 
highest near the brink and sloping away 
from the borders to the lower swamps and 
bayous beyond. Thus the rich alluvial 
territory from Cairo to the Gulf has been 
constructed out of the terrain from the 
mountains and an ample dump has been 
furnished for the silt-bearing stream ; but, 
if the river be leveled along its entire 
course and be compelled to bear its burden 
over these thousand miles, it will not be 
found able to cut deeper when surcharged 
with sediment, but it will drop its load in 
every available pocl or bend at high water 
and assuredly and rapidly raise its bed. 

The remedy suggested by our Southern 
author is to open up the lateral streams 
and divert some of the flood waters 
through more direct, shorter and steeper 
channels to the Gulf, the same as has 
been so frequently urged by Captain 
Cowden under the name of the “ outlet” 
system and which has been so vigorously 
opposed by many engineers employed on 
the river because of the alleged formation 
of bars below the outlets. This feature, 
however, is even now being carefully 
studied by some members of the corps of 
engineers in charge of sections of the river, 
and the data thus far collected would seem 
to throw very grave doubts upon the sup- 
posed injury to the lower reaches from the 
outlets. 

Following nature’s method, however, 
and compromising with the land-owner, it 
would seem practicable to provide a suffi- 


7 
VA 
e 
| 
— 
= 
= 
= 


COMMENT AND CRITICISM. 


cient number of large lateral subsiding 
basins or lakes by enclosing extensive areas 
at intervals, where the topography ad- 
mitted, of economical construction, into 
which the flood waters could escape and in 
which, the velocity being reduced, a large 
part of the silt would be precipitated, 
while, after the passage of the crest of 
the flood wave, the clearer water from 
those reservoirs would return to the river 
and become useful for navigation. In 
short, instead of serving the sole purpose 
of maintaining the water-supply for low 
stages, as do the reservoirs in the upper 
Mississippi, they could also reduce the rate 
of raising of the bed by providing lateral 
dumping grounds, outside of the bed of 
the stream, and would also reduce the 
flood plane and dangers from inundations. 
There are numerous places on the river 
where, by making return dikes extending 
back to the bluffs, many square miles of 
land now of little value might be utilized 
for such safety-valves for the river with 
substantial benefit and at a comparatively 
small cost. With reference to the prob- 
able effect of the lateral or outlet plan, 
while there is no grand precedent for it, 
there are many instances which would 
point strongly to its success, and one of 
the best which has fallen under my obser- 
vation is to be found in the lowering of the 
flood plane of the Tyne in England due to 
the removal of bars and obstructions at 
its mouth and along its lower reaches as 
far as Newcastle. 

Captain Cowden has reduced his outlet 
theory to the aphorism, “ Make the out- 
flow greater than the inflow, and there can 
be no overflow.” In applying it he pro- 
poses to cut off a portion of the inflow by 
conducting it through lateral channels to 
the Gulf and thus preventing the tributary 
sediment from ever entering the main 
stream. This certainly is a desirable fea- 
ture which appears to have been over- 
looked. 

It certainly does not appear rational to 
expect any permanent improvement to a 
stream until the obstructions at its mouth 
and its surface slope in its lower reaches 


be increased, whether those obstructions 
be in the nature of deposits or mud or of 
water fed by tributary courses. The sys- 
tematic improvements of the river must 
treat the problem as a whole and provide 
at high stages for the rapid emptying of 
its basin at the outlet, the retardation of 
its filling by its tributaries and provision 
for deposition of its load, and temporary 
escape of its excess of water along its 
course ; while for the low-water stages for 
navigation, the stream) must be canalized 
so far as practicable to retain a nearly uni- 
form velocity. Lewis M Haupt. 
Philadelphia, June 4, 1892. 


“Sanitary Progress in New York.” 


IN justice to the departed an error ina 
contribution by Mr. C. F. Wingate, to 
your June number, needs correction. The 
Metropolitan Board of Health of 1866, was 
not organized with Dr. Elisha Harris 
Superintendent, but that office was filled 
by Dr. Edward B. Dalton; Dr. Harris was 
Corresponding Secretary. Dr. Harris was 
made Registrar of Vital Statistics the 
following year, and was the author of the 
excellent system—that has been, for the 
most part, followed ever since—which Mr, 
Wingate finds so hard to understand. Dr. 
Dalton resigned in January, 1869, and was 
succeeded by Dr. Harris, but on a reorgani- 
zation of the Board the following year Dr. 
Harris was superseded by the appointment 
of Dr. Moreau Morris. In 1873,the Board 
was again reorganized by the appointment 
of Prof. C. F. Chandler, President, and the 
reappointment of Dr. Harris, Registrar of 
(Vital Statistics) Records, which office he 
filled for several years. It isno detraction 
from the high appreciation in which Dr. 
Harris is justly held as a practical sani- 
tarian, that it was not his privilege to oc- 
cupy the position attributed to him by Mr. 
Wingate in the City Board of Health, but 
the excellent service of Dr. Dalton as a 
skillful executive at the outset of the most 
effective health organization in the coun- 
try should not be overlooked. 


A. N. BELL, 
Brooklyn, N, Y., June 3, 1892. 
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